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ABSTRACT  
   
Through three investigations, this dissertation examined properties of the family 
and early care and education center (ECEC) environments related to preschool-aged 
children’s cardiovascular fitness (CVF) and gross locomotor skills (GLS). Investigation 
one used a systematic review and meta-analysis to synthesize the effectiveness of school-
based interventions at improving CVF, in preschool-aged children. For investigations 
two and three product- and process-based measures of GLS were collected from children 
in ECECs (n=16), using the progressive aerobic cardiovascular endurance run (PACER; 
n=144) and the CHAMPS motor skill protocol (CMSP; n=91), respectively. Investigation 
two and three examined family factors and ECEC factors for associations with measures 
of GLS, respectively.  
Investigation one revealed a moderate-to-large effect size for school-based 
interventions (n=10) increasing CVF (g=0.75; 95%CI [0.40-1.11]). Multi-level 
interventions (g=.79 [0.34-1.25]) were more effective than interventions focused on the 
individual (g=0.67 [0.12-1.22]). In investigations two and three children (78.3% 
Hispanic; mean ± SD age 53.2±4.5 months) completed a mean ± SD 3.7±2.3 PACER laps 
and 19.0±5.5 CSMP criteria. Individual and family factors associated with PACER laps 
included child sex (B=-0.96, p=0.03) and age (B=0.17, p<0.01), parents’ promotion of 
inactivity (B=0.66, p=0.08) and screen time (B=0.65, p=0.05), and parents’ concern for 
child’s safety during physical activity (B=-0.36, p=0.09). Child age (B=0.47, p<0.01) and 
parent employment (B=2.29, p=0.07) were associated with CMSP criteria. At the ECEC 
level, policy environment quality (B=-0.17; p=0.01) was significantly associated with 
number of PACER laps completed. Outdoor play environment quality (B=0.18; p=0.03), 
outdoor play equipment total (B=0.32; p<0.01) and screen time environment quality 
(B=0.60; p=0.02) were significantly associated with CMSP criteria. Researchers, ECEC 
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teachers and policy makers should promote positive environmental changes to 
preschool-aged children’s family and ECEC environments, as these environments have 
the potential to improve CVF and GLS more than programs focused on the child alone. 
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CHAPTER 1 
INTRODUCTION 
Physical inactivity is a social and cultural consequence related to the rapidly 
developing technology in children’s homes, schools, and everyday lives. Inactivity begins 
to develop at a young age and tracks into adulthood to create negative health 
consequences later in life (Kelder et al., 1994; Tammelin et al., 2014). Although young 
children have higher levels of physical activity (PA) compared to adults, increasing PA to 
the recommended levels of 120 minutes per day (structured and unstructured play) is 
still a significant public health challenge (Clark et al., 2002; Pate et al., 2015; Troiano et 
al., 2008). A review examining over 10,000 preschool children found that only half 
(54%) reached 60 minutes of PA per day, and other studies have shown that preschool-
aged children spend a majority of their school day in sedentary activities (Cerin et al., 
2016; Pate et al., 2008; Tucker, 2008). Multiple expert bodies, including the Institute of 
Medicine (2011) and the PA Guidelines Advisory Committee (2018), have emphasized 
the importance of increasing PA as a positive, preventive health behavior to combat 
major chronic diseases. Unfortunately, interventions to improve PA in preschool-aged 
children have had little success, underscoring the difficulty in changing PA patterns 
(Mehtälä et al., 2014). Although interventions to improve PA in preschool-aged children 
have been mostly unsuccessful, it is important to begin influencing behavior at age. 
Thus, this dissertation will focus solely on preschool-aged children. 
PA is a complex behavior that is influenced by a multitude of factors across 
varying levels of the socioecological perspective. One model, the ecological model of PA, 
discusses both the intra- and extra- individual factors, including factors within 
microsystems (immediate setting), mesosystems (linkages between people in two or 
more microsystems), exosystems (linkages to settings external to the individual), and 
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macrosystems (broader socioecological context) that influence PA (Spence & Lee 2003). 
Embedded within this socioecological context, Stodden et al. (2008) have proposed a 
model whereby young children’s PA has a reciprocal relationship with their motor skills, 
such that early participation in PA helps children to develop motor skills and reinforces 
continued participation in PA as children age. The model by Stodden et al. (2008) also 
suggests that development of both PA and motor skills affect children’s health-related 
fitness (CVF) and weight profiles. A fully synthesized depiction of these two models is 
displayed in Figure 1.1. 
Multiple studies have addressed many of the etiological factors that influence 
preschool-aged children’s PA, including individual level factors (e.g., innate PA levels 
and enjoyment of PA), family factors (e.g., parenting practices and logistical support for 
PA), school-related factors (e.g., outdoor play time, available play space, and teacher 
encouragement of play), and policy factors (e.g., school PA policy) (Dowda et al., 2009; 
Henderson et al., 2015; Hesketh et al., 2017; O’Connor et al., 2013). Additionally, the 
same perspective has identified etiological factors that are related to children’s weight 
profiles (Davison & Birch, 2001). To date, less focus has been placed on how etiological 
factors affect other constructs of the developmental model (i.e., perceived motor 
competence, motor skills, and health-related fitness).  
CVF and PA: An Ecological Perspective 
 CVF, a component of health-related fitness, is defined as the ability to perform 
large-muscle, whole-body exercise at moderate to high intensities for extended periods 
of time, and is related to multiple health outcomes in both adults and children (Myers et 
al., 2015; Ortega et al., 2008; Physical Activity Guidelines Advisory Committee). CVF has 
previously been shown to be related to PA, as well as other developmental factors, but 
the pathways by which children’s environments affect CVF through PA have yet to be 
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assessed (Janssen & LeBlanc, 2010; Malina, 2001). Based on the significant bodies of 
literature connecting children’s environments to their PA, and PA to CVF, we posit that 
environmental influences will play a significant role in the development of children’s 
CVF during PA interventions. For preschool aged children, the majority of these 
interventions occur in early care and education centers (ECECs).  
Several ECEC-based interventions using a socioecological approach have been 
designed to influence CVF (Nemet et al., 2011; Purder et al., 2011). These interventions 
focus on multiple levels of influence by targeting the home and ECEC environment 
microsystems, but they have also strived to influence the mesosystems’ linkages (e.g., 
parent teacher interactions) between the two. Interventions aimed at improving CVF in 
children have been mostly successful, but few have attempted to identify specific 
environmental components within children’s ecology that may be responsible for 
improving CVF. Additionally, only one review has looked at the successfulness of CVF 
interventions, but this study was narrow in scope and did not include several large 
school-based interventions, suggesting a critical review is needed (Pozuelo-Carrascosa et 
al., 2017). Thus, the first aim and hypothesis of this dissertation are as follows: 
Aim 1: To conduct a critical systematic review and meta-analysis of studies on 
school-based interventions that attempt to affect CVF in children, while examining 
socioecological factors within children’s environment that may influence CVF 
development.  
Hypothesis 1: School-based interventions that incorporate more levels of the 
EMPA will result in more robust intervention effects on CVF than interventions that 
incorporate fewer levels of the EMPA. 
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Motor Skill Development: An Ecological Perspective 
In 2002, Clark and Metcalfe released a seminal piece of work titled, “The 
Mountain of Motor Development”, which uses mountain climbing as a metaphor to 
describe how individuals develop motor skills over the course of their lives and the need 
for both product-based (quantitative outcomes) and process-based (quality of the 
movement) assessments of motor skills (Clark & Metcalfe, 2002). This work represented 
the first stages in the creation of the developmental model by Stodden et al. (2008), 
which was later reviewed by Robinson et al. (2015), and is used in the model above 
(Figure 1.1). Both papers on the developmental model and the paper on the mountain 
climbing metaphor are detailed pieces of literature that synthesize what is known about 
how motor skills and guides to future areas of research (Clark & Metcalfe, 2002; 
Robinson et al., 2015; Stodden et al., 2008). In all three articles, it is acknowledged that 
children’s motor skills will develop at different rates, based on “environmental 
constraints”, but descriptions of these constraints throughout the literature are scarce 
(Clark & Metcalfe, 2002; Robinson et al., 2015; Stodden et al., 2008). 
 To date, only a few studies have examined the individual and family level 
microsystem factors that are related to preschool-aged children’s fundamental motor 
skills.  Overall, findings from these studies show that parental beliefs, parental 
behaviors, family demographic characteristics, PA resources, and participation in 
organized sports were related to improved processed-based measures of gross motor 
skills, but no studies have been conducted using product-based measures (Cools et al., 
2011; Barnett et al., 2013).  There are also no studies that have assessed individual and 
family level microsystems for Hispanic preschool-aged children, a group that has been 
shown to have worse motor skills and worse health outcomes than their non-Hispanic 
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peers (Goodway et al., 2010; Ogden et al., 2016). Thus, the second aim and hypothesis of 
this dissertation are as follows:  
Aim 2: To examine factors at the individual and family level that may be related 
to children’s process-based and product-based gross motor outcomes in a group of 
predominantly Hispanic children.  
 Hypothesis 2(a): Individual and family factors will be significantly related to 
gross motor skills in predominantly Hispanic children; (b)but will not be significantly 
different based on ethnicity (Hispanic vs. non-Hispanic); (c) or method used (product-
based vs. process-based) to measure gross motor skills.  
In addition to the individual and family microsystems, the ECEC microsystem is 
a critical environment that may affect preschool-aged children’s gross motor skills. Over 
12 million children are currently enrolled in ECECs across the United States, and 
children spend on average 24.8 hours per week there (Iruka et al., 2006; SHAPE 
America, 2015). Although many preschool-aged children are currently attending ECECs, 
evidence related to factors within the ECEC that affect children’s motor skills are scarce. 
To date, three studies have examined the relationship between the ECEC environment 
and motor skills, with findings indicating that classroom size/child ratio, teacher 
education, playground size, number of field trips per month, electronic media use, 
availability of indoor and outdoor play areas, play area size, geographic region, and type 
of preschool are associated with process-based motor outcomes (Chow et al., 2013; 
Goodway et al., 2010; True et al., 2017). Findings also indicate that Hispanic children 
living in the southwestern U.S. had significantly worse gross locomotor outcomes than 
their non-Hispanic counterparts, but reasons for differences between regions were not 
explored (Goodway et al., 2010). Additionally, no studies have examined the relationship 
between the ECEC environment and motor skills using both quantitative and qualitative 
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gross locomotor outcome measures (product-based), suggesting that a deeper 
investigation on the associations between gross locomotor outcomes and the ECEC 
environment is needed. Thus, the third aim and hypothesis of this dissertation are as 
follows: 
 Aim 3: To examine the association between ECEC characteristics with process-
based and product-based gross locomotor outcome measures in predominantly Hispanic 
school children. 
Hypothesis 3(a): ECEC factors will be significantly related to gross motor skills in 
predominantly Hispanic children; (b) but will not be significantly different based on 
ethnicity (Hispanic vs. non-Hispanic); (c) or method used (product-based vs. process-
based) to measure gross motor skills. 
The EMPA has been consistently and successfully applied to numerous aspects of 
the developmental model (Figure 1.1), but there are several components of this pathway 
that have received much less attention where ecological perspectives are concerned 
(Spence & Lee, 2003). The goal of this dissertation is to provide preliminary evidence for 
an ecological perspective at the microsystem level when assessing motor competence and 
CVF fitness outcomes in preschool-aged children. As suggested by Spence and Lee 
(2003), ecological models can help to explain variance outside of individual level 
behaviors, which then can be used to examine interactions between microsystems at the 
meso-, exo-, and macrosystem levels. Moreover, by determining factors that influence 
motor skills and CVF at such a young age, interventions can be created that will improve 
children’s PA and health profiles as children become adults (Malina, 2001; Robinson et 
al., 2015). 
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Figure 1.1 Developmental Model Embedded in the Ecological Context of the EMPA 
CVF-Cardiovascular Fitness; EC-Early Childhood; MC-Middle Childhood; LC-Late 
Childhood 
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CHAPTER 2 
REVIEW OF LITERATURE 
In the introduction chapter a developmental model embedded within an 
ecological context was proposed as the guiding framework for this dissertation (Figure 
1.1). This review will expand on the information in the introduction through discussions 
on the use of ecological models, the importance of PA in early childhood, the 
relationships between different components of the developmental model, and the 
relationship between each part of the developmental model with important ecological 
contexts. This review is meant to identify critical gaps within the literature and serve as a 
guide to future areas of research, specifically by focusing on relationships between the 
proposed developmental model and contextual factors that have been shown to influence 
important developmental concepts (i.e., motor competence, perceived motor 
competence, weight and health-related fitness) and behavioral outcomes (i.e., PA). 
Why use Ecological Models?  
Ecological models have existed for over 40 years, yet still play a critical role in the 
way we view human development (Bronfenbrenner, 1977). Ecological models offer an 
organized process through which to view multiple environments of influence that can 
affect human behaviors and health outcomes. Over the years, the traditional ecological 
model has been modified and adapted to describe many different behaviors and health 
outcomes to assess factors more closely related to specific areas of research interest 
(Davison & Birch, 2001; Langille & Rodgers, 2010; Robinson, 2008; Spence & Lee, 
2003). In relation to the behavioral health pathway addressed in this dissertation, there 
are two models that are pertinent to address: a contextual model for children weight and 
the ecological model of PA (EMPA) (Davison & Birch, 2001; Spence & Lee, 2003). 
  9 
Davison and Birch (2001) discussed factors associated with children’s weight. 
Within this model, three distinct levels of influence are identified, including the 
individual, interpersonal, and the community level (Davison & Birch, 2001). Within the 
individual level, children’s developmental factors, behaviors, and genetics are claimed to 
influence weight (Davison & Birch, 2001). At the interpersonal level, parenting styles 
(e.g., parent encouragement of PA, parent monitoring of child TV viewing) and family 
characteristics (e.g., nutritional knowledge, parent dietary intake) are addressed, and at 
the outmost level, community (e.g., food accessibility, crime rates), demographic (e.g., 
family socioeconomic status, ethnicity) and societal characteristics (e.g., school lunch 
programs) are included (Davison & Birch, 2001).  Each of these levels are hypothesized 
to influence children’s weight profiles and each other level of the model within it. 
Although this model addresses many of the factors that influence weight, it does not 
account for interactions between factors inside and factors outside of an individual’s 
environment. This is where the ecological EMPA supplies additional guidance (Spence & 
Lee, 2003). 
The EMPA presents both the intra- and extra- individual factors that may 
influence PA behaviors and includes constructs from microsystems (immediate setting), 
mesosystems (interaction between two or more microsystems), exosystems (system 
external to the individual), and macrosystems (socioecological context) and interactions 
between those constructs that may influence PA (Spence & Lee, 2003). Unlike the model 
proposed by Davison and Birch (2001), the EMPA accounts for factors outside of a 
child’s own environment (e.g., a parent work environment, a teacher’s home 
environment) that may be related to children’s PA participation (Spence & Lee, 2003). 
Factors outside of the child’s own environment may help to explain added variance 
between individuals. 
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Although there is not currently a socioecological framework for examining factors 
related to motor competence, perceived motor competence, or cardiovascular fitness 
(CVF), the developmental model suggests that all the constructs that are part of the 
developmental pathway are related to PA; thus, it stands to reason that similar ecological 
factors may be affecting each of the model’s components (Robinson et al., 2015; Stodden 
et al., 2008). Figure 1.1 displays how the EMPA can be used as a guiding ecological 
framework to encompass the developmental model, and how PA is related to other 
important developmental factors within the ecological context. 
Physical Activity in Preschool-aged Children 
PA is any bodily movement produced by skeletal muscles that results in energy 
expenditure and can occur in multiple domains including occupational, leisure time, 
transportation, and household (Bouchard et al., 1994; Craig et al., 2003; Physical 
Activity Guidelines, 2018). Although all these domains of PA exist, children’s 
participation in some domains are more common than in others and will be the focus of 
this review within the context of PA promotion. 
 PA promotion in early childhood has been identified by several expert panels as 
an important behavior to combat multiple future behavioral health conditions, including 
obesity, cancer, cardiovascular disease, and diabetes, among others (Strong et al., 2005; 
Trembley et al., 2012). Each of these expert panels has created an individual, evidenced-
based PA recommendation for preschool-aged children that ranges from 60 minutes of 
moderate to vigorous PA (MVPA) per day, up to 180 minutes of PA at any intensity per 
day (Strong et al., 2005; Trembley et al., 2012). In the United States, current federal 
guidelines do not specify a recommended amount of PA, but instead state that preschool-
aged children should be physically active throughout the day to enhance growth and 
development and that caregivers of preschool-aged children should encourage active 
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play that includes a variety of activity types, with the stipulation being that more PA is 
better (Physical Activity Guidelines, 2018).  
Despite this wide variety of recommendations, most preschool-aged children are 
not achieving the recommended PA levels (Tucker, 2008). Additionally, critical 
environments that influence children’s PA (e.g., weekend PA and school day PA) do not 
contain enough activity to contribute to their PA total (Cardon & Bourdeaudhuij, 2008). 
A recent study found that on average preschool-aged children take part in ~15 minutes of 
PA per hour, that boy children participate in more PA than girl children and that only 
41.6-50.2% of children are reaching 180 minutes of PA per day (Pate et al., 2015). With 
so few children reaching recommended PA levels, it becomes important to assess how 
caretakers promote or discourage PA. 
Physical Activity at Early Care and Education Centers 
One avenue that has been found critical in addressing preschool-aged children’s 
PA is the ECEC. Over 12 million children are currently enrolled in ECECs across the 
United States and children spend on average 24.8 hours per week at ECECs, creating a 
significant leverage point to influence PA among preschool children (Iruka et al., 2006; 
Shape America, 2015). Multiple studies have examined the prevalence and correlates of 
children’s participation in PA within ECECs and some studies have indicated that 
preschool-aged children spend over 85% of their school days in sedentary activities and 
less than 3% of their time in MVPA (Pate et al., 2004; Pate et al., 2008). Additionally, 
ECECs have also been described as the location where children spend the most time 
inactive throughout their day (Cerin et al., 2016). 
Research on the demographic correlates of PA for children who attend ECECs has 
shown that preschool-aged boys are more active than girls, that older children are less 
sedentary than their younger peers, and that children with better motor coordination 
  12 
were more physically active then less coordinated children (Oleson et al., 2013; Pate et 
al., 2004; Tonge et al., 2016). Demographic correlates (e.g., sex, age, race, ethnicity, 
BMI) are important sources of PA variability, but together they only explain a small part 
of the variance associated with children’s PA levels (~4.3%-10%).  When the ECEC that 
children attended was assessed in addition to demographic characteristics, models 
explained substantially more variance in children’s PA (~22.0-43.3%) (Pate et al., 2004; 
Pate et al., 2008). This larger proportion of explained variance suggests that the ECEC 
environment plays a key role in children’s PA patterns but does little to describe the 
components of ECEC that are related to PA outcomes.  
The number of studies examining components of the ECEC that are associated 
with preschool-aged children’s PA is moderate, but to date many of the findings have 
been mixed (Tonge et al., 2016). Two components of ECECs that have been to found to 
be consistently correlated with greater participation in PA include physical 
environmental variables (e.g., amount of outdoor play time, size of outdoor place space) 
and opportunities to be active, but other variables such as teacher education, teacher 
training, and ECEC policies have had less consistent findings [Cerin et al., 2016; Tonge et 
al., 2016]. The environmental characteristics that have had inconsistent relationships 
with children’s PA have often been used to develop ECEC-based PA interventions, which 
may be related to the success or failure of these interventions.  
Although a review of all PA interventions that occur in ECECs is outside of the 
scope of this dissertation, several reviews addressing pertinent issues are presented. One 
review that examined PA interventions in ECECs using a socioecological approach, found 
that time allocated for gross motor activities, teaching training, teacher involvement in 
PA and playground size were associated with increased PA at the intra- and 
interpersonal levels (Mehtälä et al., 2014). At the organizational level, more space and 
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added structured, but not unstructured, outdoor playtime increased PA levels, and the 
presence of specific playground features (i.e., open grass area, grass hill, and a looping 
cycle path) was also associated with more PA (Mehtälä et al., 2014). A second systematic 
review, that tried to identify common factors associated with the success or failure of PA 
interventions, found that highly structured PA programs that were implemented 5 or 6 
days a week were more effective than interventions which occurred only 3 days per week 
(Ward et al., 2010). Additionally, studies that focused on environmental and policy 
components and included both teacher training and improved activity environment were 
associated with increased PA, although increased outdoor time alone was not (Ward et 
al., 2010). 
Based on the findings from this body of literature we can see that preschool-aged 
children are far from meeting PA recommendations during their time spent at ECECs, 
but that ECECs play a significant role in children’s daily PA levels. It should be noted 
that both reviews mentioned that ECEC-based PA interventions are a relatively new area 
of research and that a limited number of studies had been conducted. Taken together, 
this evidence suggests that research on ECEC characteristics that influence PA still have 
substantial room for growth and that factors related to PA may interact with one another 
in the ECEC environment. 
In summary, ECECs offer a potential avenue to positively influence preschool-
aged children’s PA, but the factors that influence PA within the ECEC may be much 
broader than previously expected. At the individual level, children’s sex, age, and motor 
skill proficiency appear to warrant further exploration, but characteristics of ECECs that 
are related to PA are still under debate. Nevertheless, children’s behaviors at ECECs 
explain a sizeable proportion of PA variance (~22.0-43.3%) and characteristics of these 
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critical environments are likely important for future studies attempting to influence PA 
patterns. 
Physical Activity in the Home 
Due to the large proportion of time that children spend in ECECs, they have 
become the most commonly studied avenue to promote PA in children, but there is also a 
significant portion of time in the afternoon and on weekends where children have 
opportunities to be physically active outside of the ECEC (Verbestel et al., 2011). During 
times when children are not in the ECEC, parents play a critical role in influencing the 
amount of PA that children take part in (O’Connor et al., 2013). Moreover, parents’ 
promotion of PA behavior is often related to their environmental and cultural factors 
(O’Connor et al., 2014). Reviews that have examined parenting correlates of preschool-
aged children’s PA have found that parents’ encouragement and support of PA are 
related to greater participation (Mitchell et al., 2012; Xu et al., 2015). Parents’ 
participation in PA can provide modeling opportunities for young children to learn about 
PA, which could also lead to greater participation (Mitchell et al., 2012). Additionally, 
Mitchell and colleagues (2012) found instrumental support (e.g., providing 
transportation, buying PA resources) to be associated with higher levels of PA in young 
children, but further studies are needed to assess this relationship. 
When investigating parenting interventions to promote PA in young children, 
two reviews have found that positive parenting practices may be related to improved PA 
outcomes, but the lack of methodological rigor, use of multiple measures of parenting, 
and limited number of studies that measured change in both parenting and outcome 
variables limits firm conclusions (O’Connor et al., 2009; Skouteris et al., 2011). 
Additionally, both reviews described the body of literature on the relationship between 
parenting and children’s PA as in its infancy and many of the interventions included in 
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the reviews only tried to influence parents utilizing a family component of an ECEC-
based intervention (O’Connor et al., 2009; Skouteris et al., 2011). Further studies that 
focus on parenting specific interventions are needed to determine the influences of 
parenting variables on preschool-aged children’s participation in PA.  
Physical Activity and the Neighborhood Environment 
Another area of research that is found to be in its early infancy is the relationship 
between the PA of preschool-aged children and the neighborhood environment 
(Christian et al., 2015). Studies that have examined the association between the 
neighborhood environment and PA of preschool-aged children have found that housing 
density was associated with more PA in boys and that more park space was associated 
with more PA in boys and girls (Roemmich et al., 2006). Time spent in parks and 
distance to the nearest park were also correlated with more PA in boys and girls, and 
more neighborhood amenities and fewer pathway obstructions have been found to be 
associated with greater outdoor play (Cerin et al., 2016; Lee et al., 2016; Pfeiffer et al., 
2009). Other studies have found that neighborhood safety and walkability were not 
associated with PA in preschool-aged children, but a limited number of studies limits 
confidence in these findings [Burdette & Whitaker, 2005; Lee et al., 2016]. Overall, 
specific neighborhood characteristics may be associated with more PA in preschool-aged 
children, but the current body of evidence is small. Mores studies, including longitudinal 
studies that assess multiple characteristics of the neighborhood environment are needed 
before making a recommendation on the relationship between the neighborhood 
environment and PA in preschool-aged children. 
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Future Ecological Research Recommendations for PA in Preschool-aged 
Children  
 Preschool-aged children’s PA participation has been assessed within the context 
of individual, school, home and neighborhood microsystems, with the most evidence 
found within the individual and ECEC environments. Evidence has found that individual 
level components account for a small part of variance (~10%) between individuals PA 
levels, with more variance explained by the ECEC that children attend (~20-43%). Given 
the wide range of variability in explained variance and the limited number of studies 
within microsystems outside of children’s ECEC, the following recommendations for 
future research are made: 
1. Outside of demographic correlates, researchers should continue to examine 
factors at the individual level that may explain preschool-aged children’s PA 
patterns. These factors may be biological, behavioral, developmental, or 
psychological in nature as individual factors likely explain more than 10% of the 
variance in PA outcomes.  
2. The wide degree of variability in explained variance by a child’s ECEC (~20-43%) 
cannot be described by ECEC characteristics alone. Based on the conflicting 
evidence surrounding ECEC factors that influence preschool-aged children’s PA, 
it is recommended that interactions with children’s individual and home-based 
factors be used to help account for variance explained at the ECEC level. 
3. Individual and ECEC level characteristics account for a total of ~43% of 
explained variance in preschool-aged children’s PA behaviors. Research at the 
family and neighborhood levels has begun to name added factors that influence 
the PA of preschool-aged children. More longitudinal study designs are needed to 
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determine the direction of these associations and their impact on changes in PA 
patterns. 
Motor Skills in Preschool-aged Children 
 PA has been the most often studied factor within the context of health and health 
behavior pathways, but motor skills are considered the foundational building blocks 
related to human movement and a critical component of PA development in young 
children (Clark & Metcalfe, 2002; Robinson et al., 2016; Stodden et al., 2012). Children’s 
motor skills begin to develop at birth and transition through five distinct stages of motor 
development, including reflexive, preadapted, fundamental motor patterns, context 
specific movement, and skillful movement – the final of which tends to co-inside with 
the onset of puberty (Clark & Metcalfe, 2002). Most typically developing preschool-aged 
children are still in the fundamental movement patterns period and will stay in this 
period until about age seven, when they begin to apply their skills to context specific 
movements (e.g., sports, household chores) (Clark & Metcalfe, 2002).  Developmental 
patterns may differ for children with developmental delays or movement disorders, but 
literature related to those areas will not be discussed here. 
During the fundamental movement phase three domains of motor behavior 
emerge. These domains include locomotor skills (e.g., running, swimming and jumping), 
object projection skills (e.g., throwing, pushing, and kicking), and object interception 
skills (e.g., catching, deflecting, and stopping). These three skills, which form the basis 
for motor competence, are related to continued participation in PA as children age and 
need to be developed through practice and participation (Clark & Metcalfe, 2002; 
Goodway et al., 2003; Loprinzi et al., 2015; Robinson et al., 2015). 
 Although there are only three domains of fundamental movement skills, these 
domains need to be further classified into distinct types of movement to assess them. 
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Movements can be broken down into gross motor skills and fine motor skills. Gross 
motor skills, are movements like swimming or swinging a bat, require the coordination 
of multiple large muscle groups at once (Clark & Metcalfe, 2002).  Fine motor skills are 
those that use small muscles groups for precise movements like writing, typing, or 
speaking (Clark & Metcalfe, 2002). Although both gross and fine motor movements are 
important to well-adapted daily function, gross motor movements are more closely 
related to other components of the developmental model (Figure 1.1) and thus, will be 
referenced when the terms “motor skills” or “motor competence” are used in this 
dissertation (Cools et al., 2009; Loprinzi et al., 2015; Robinson et al., 2015).   
Both gross and fine motor skills can be measured using product-based or 
process-based measures (Figueroa & An, 2017). Product-based assessments evaluate the 
outcome of that movement, and process-based assessments evaluate how a movement is 
preformed (Logan et al., 2017). Both types of assessments are important, as the 
quantitative outcomes may not always be related to the quality of the movement 
produced, and these relationships change over time (Capio et al., 2013).  Since 
measurements from product-based and process-based assessments may not always be 
perfectly correlated, it is recommended that both be used to gain an accurate 
understanding of motor skills competence (Logan et al., 2017). For a review of validated 
movement skill assessments in preschool-aged children, please see the review by Cools 
and colleagues (2009). 
Although there is currently not an ecological model to guide motor competence, it 
has been suggested that children’s environments may affect the development of their 
motor skills (Clark & Metcalfe, 2002; Robinson et al., 2015; Stodden et al., 2008). These 
environments can include children’s homes, schools, neighborhoods, out of school 
learning activities, or any other environments were children spend a sizeable part of 
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their day (Hofferth & Sandberg, 2001). As previously stated, young children spend a 
significant part of their day at ECECs; thus, this environment has received the most 
attention. 
Motor Skills and Early Care and Education Centers 
Although guidelines for PA recommendations are more common than guidelines 
written for motor skills, many of the PA guidelines also emphasize the importance of 
motor skill development. For example, the US PA guidelines state that preschool-aged 
should be physically active throughout the day to enhance growth and development, 
suggesting that the development of motor skills is an important outcome for PA 
participation (Physical Activity Guidelines 2018). Additionally, 3 out of 5 Active Head 
Start Guidelines for PA in preschool-aged children are related to motor development and 
ECEC teachers often follow guidelines that assess children’s motor development in the 
classroom (e.g., teaching strategies GOLD) (Lambert et al., 2014; National Association 
for Sport and Physical Education, 2009).  
Studies within the ECEC learning environment that have examined the cross-
sectional associations between individual level characteristics and motor skill 
competence in preschool-aged children have found that children’s age, sex, BMI and the 
specific activities that children choose to participate in were related to various motor 
outcomes (Barnett et al., 2010; O’Neill et al., 2014; True et al., 2017; Yang et al., 2015). 
When demographic associations were examined by domain of motor competence, only 
age significantly influenced total motor, object control, and locomotor skill scores (Yang 
et al., 2015). Sex had a small influence on object control skills, and BMI was found to 
have even smaller influence on all three domains (Yang et al., 2015). Specific activities 
that were correlated with total locomotor score included skipping and jumping, and 
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dancing and throwing were associated with gross locomotor and object control domains, 
respectively (O’Neill et al., 2014). 
At the ECEC level, some characteristics that were found to be associated with 
motor skill development included classroom size/child ratio, teacher education, 
playground size and electronic media usage (True et al., 2017). When gross locomotor 
skills were examined specifically, it was found that classroom size/child ratio, teacher 
education, and electronic media usage remained significant predictors of children’s 
motor skills, whereas number of field trips per month emerged as a new predictor (True 
et al., 2017). No associations were found between ECEC characteristics and object 
control scores (True et al., 2017). In other studies, that used only process-based 
measures of motor skills, the availability of indoor and outdoor play areas, play area size, 
geographic region and type of ECEC (public vs. private) were also shown to be associated 
with motor competence (Chow et al., 2013; Goodway et al., 2010).  
Although similar to PA, these findings have variations that need to be explored. 
For example, teacher education appears to influence motor skill development, but not 
total PA participation, which suggests that more teacher education may be required to 
promote motor skill competence than PA (Tonge et al., 2016; True et al., 2017). 
Additionally, child to teacher ratio was a found to be a significant predictor of motor 
skills, but not PA, which may be due to the amount of specialized instruction time 
required to teach children motor skills.  
Although initial findings on ECEC environmental factors influencing children’s 
motor skills appear to have some slight differences from PA, there have been no studies 
that have synthesized the evidence related to this relationship. Additionally, no studies 
have used both product-based and process-based measures of gross motor skills within 
the same study. Due to the limited number of studies and many threats to internal 
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validity within these studies, confidence in these findings is reduced. These limitations 
suggest that a deeper investigation on the associations between gross locomotor 
outcomes and the ECEC environment is warranted, emphasizing studies representing 
diverse populations that use longitudinal designs. 
Despite the limited cross-sectional evidence on ECEC factors and preschool-aged 
children’s gross motor skills, two reviews of longitudinal studies have examined the 
effectiveness of interventions to improve motor skills in young children (Riethmuller et 
al., 2009; Veldman et al., 2016). Of the 24 studies included in both reviews, 17 of them 
show statistically significant findings for the improvements of motor competence 
(Riethmuller et al., 2009; Veldman et al., 2016). The review by Riethmuller and 
colleagues (2009) found that 65% of the studies were effective at improving motor skills 
and made three recommendations for future studies assessing motor competence. These 
recommendations included teachers and researchers should both be involved in the 
implementation of an intervention, that parent involvement in the intervention is critical 
for transfer on knowledge to the home environment, and that interventions are 
methodologically sound. (Riethmuller et al., 2009). Methodology quality was of concern 
because seven of ten articles were unpublished and only one study was rated by the 
reviewer as having high methodological quality (Riethmuller et al. 2009).  
The review by Veldman and colleagues (2016) updated the earlier review by 
Riethmuller and colleagues (2009) and found that 86% of the studies included were 
effective at improving motor outcomes. Related to the previous recommendations by 
Riethmuller and colleagues (2009), six of the seven studies were implemented by center 
staff and supplemented with training by a research team, only two of the seven studies 
included parents, and four out of the seven studies were of high methodological quality 
(Veldman et al., 2016). Despite the increased quality of the studies in the review, 
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Veldman and colleagues (2016) mentioned the lack of detail about intervention 
programs as a limitation, which made comparison of intervention components at the 
ECEC level difficult. 
Overall, findings suggest that ECEC-based interventions are an effective means to 
improve the motor skills of preschool-aged children and that including multiple 
ecological levels (e.g., home, community) outside of the ECEC is a positive way to 
increase intervention effects. Despite the sizeable number of effective ECEC-based 
interventions for improving motor outcomes, few studies have examined characteristics 
of the ECECs and components of ECEC-based interventions that are related to higher 
motor competence. Effective components of ECEC-base should be examined further to 
determine if they are similar to those utilized in PA interventions, or whether alternative 
intervention components are needed to influence motor outcomes. 
Motor Skills and the Home Environment 
Due to the small number of studies that have examined the relationship between 
the home environment and motor skills in preschool-aged children, limited evidence 
exists. Two studies examining the association have found that family characteristics 
related to higher motor competence include parental beliefs (importance of PA), parental 
behaviors (paternal PA, active transportation, and providing activity resources), and 
family demographic characteristics (parental education, parental socioeconomic-status, 
and number of children in the household) (Cools et al., 2011; Venetsanou et al., 2010). In 
addition, a second group of studies examining the association between family 
environmental supports and motor skills found that home PA resources, enrolling child 
in swimming activities, and more outdoor space were related to improved motor 
competence (Barnett et al. 2013; Hua et al. 2015). Overall, current evidence suggests that 
the family environment is an important correlate of preschool-aged children’s motor 
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skills, but the number of studies assessing each type of support is minimal. To determine 
significant factors associated with motor competence at the family level, more studies 
across various populations need to be conducted. 
In addition to the small number of cross-sectional studies assessing family 
factors, only ~20% of school-based motor skill interventions have included a parent 
component. Successful motor skill intervention studies including parents have supplied 
tools, resource packets, and encouraged parents to reduce sedentary time in several ways 
(Birnbaum et al., 2017; Hamilton et al., 1999; Reilly et al., 2006; Riethmuller et al., 
2009). Despite the success of these interventions, more research is needed to determine 
parent intervention components that are successful and how each of these components 
are related to intervention outcomes. Current recommendations suggest that parents 
should be included in motor skill interventions, as they are key to improved motor 
outcomes in preschool-aged children (Riethmuller et al., 2009). Based on the current 
evidence, this recommendation may be too strong. Instead, studies should focus on 
examining parental methods of supporting children’s motor skill development, so future 
interventions can utilize parental components following evidenced-based 
recommendations.  
Motor Skills and the Other Environments 
In addition to the home and the ECEC environments, there have been a small 
number of studies that have assessed characteristics of other potentially influential 
environments on preschool-aged children gross motor skills. Victoria and colleagues 
(1990) measured motor movements in preschool-aged children from Brazil and England 
and found that children from cultures that promote spontaneous movement, such as 
Brazil, have children with better movement skills then children from cultures that 
promote self-contained, quiet, work-oriented behaviors, like England. These findings are 
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similar to a previously cited study which found children from the Midwest US scored 
better on qualitative tests (process-based) of gross motor skills than children from the 
Southwest US (Goodway et al., 2010). The association between culture and motor skills 
development is an interesting finding, but caution is warranted. Tests of motor skill 
development are often content specific to the regions where they were developed; thus, 
differences may be due to regional testing protocols as opposed to true findings 
(Robinson et al., 2017).    
Future Ecological Research Recommendations for Motor Skills in 
Preschool-aged Children 
 Overall, building fundamental motor skills in preschool-aged children is a critical 
part of early development that cannot be ignored. Although much has been done to 
examine individual level factors that influence motor development, recent lines of 
research suggest that children’s activity environment may play a vital role in the rate at 
which skills develop. Based on these assumptions, the following recommendation are 
made on ways to build the body of literature surrounding motor development, so critical 
environments affecting these skills can be explored further: 
1. Research should continue to examine factors within family, school, and 
neighborhood microsystems, across multiple racial and ethnic populations, 
which influence the development of preschool-aged children’s motor skills using 
both product-based and process-based measures. 
2. Researcher should review the current literature on the relationship between 
environmental determinants and preschool-aged children’s gross motor skills, 
which will provide evidence-based research recommendations on ways to 
incorporate environmental components into interventions and provide guidance 
on additional environments that need further study. 
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3. Researchers should work across labs and countries to determine quality testing 
methodology that can be consistently applied to measure product-based and 
process-based gross motor skills, which will allow comparison of work across 
populations, studies and levels of ecological models. 
Perceived Motor Skill Competence 
 PA and motor skill competence are the short-term outcomes of the most interest 
to researchers, but perceived motor competence is a precursor that may facilitate 
changes in both PA and motor skill outcomes in early childhood (Robinson et al., 2015; 
Stodden et al., 2008). Perceived motor competence is defined as an individual’s 
perception of their movement capabilities, which once developed is believed to have a 
reciprocal relationship with motor competence and PA (Harter & Leahy, 2001).  The 
developmental model states, young children with higher motor competence will engage 
in more PA and develop better motor skills, which then reinforces their belief that they 
have better motor competence than their peers (Robinson et al., 2015; Stodden et al., 
2008). 
 A meta-analysis by Babic et al. (2014), found a low correlation (r=.08) between 
PA and motor competence in preschool-aged children that increased in middle and late 
childhood (r=.30), which suggests that perceived motor competence may predict PA as 
children age. Although this meta-analysis begins to support a reciprocal relationship 
between PA and perceived motor competence, only one study of preschool-aged children 
was included (Planinšec et al., 2005). Additionally, the one study that examined the 
relationship between PA and motor competence in preschool-aged children utilized 
parent proxy report as a measure of PA, which is considered a low validity measure of PA 
(Pate et al. 2010; Planinšec et al., 2005). Based on the findings of one study, there is not 
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enough evidence to support the relationship between perceived motor competence and 
PA in young children. 
 When examining the relationship between motor competence and perceived 
motor competence in preschool-aged children, several studies have found perceived 
motor competence to be related to actual motor competence, but a similar number of 
studies have seen contradictory findings (Famelia et al., 2018; Lopes et al., 2016; 
Robinson, 2011; Spessato et al., 2012; Toftegaard-Stoeckel et al., 2010). A study by 
Toftegaard-Stoeckel et al. (2010) found that factors related to perceived motor 
competence included BMI, teacher perceptions of children’s motor competence, and 
children’s actual motor competence. Despite these findings, a majority of the literature 
suggests that measures of perceived motor competence do not align with current 
measurements of motor skills and that parent proxy reports of motor competence are 
only weakly related to motor outcomes in preschool-aged children (O’Neill et al., 2014; 
Robinson et al., 2015; Zysset et al., 2018). New valid measures of perceived motor 
competence that alight with measure of motor competence are needed to determine if 
relationships between variables exists. 
Future Ecological Research Recommendations for Perceived Motor 
Competence in Preschool-aged Children 
In one study an association was found between perceived motor competence and 
actual motor competence, but the majority of literature suggests that measures of 
perceived motor competence do not align with current measurements of motor 
competence (Famelia et al., 2018; Lopes et al., 2016; Robinson, 2011; Spessato et al., 
2012; Toftegaard-Stoeckel et al., 2010). Taking this limited body of evidence into 
account, more research delineating the specific relationship that perceived motor 
competence has with PA and actual motor competence is needed.  
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The Relationship between Motor Skills and PA 
 At the center of the developmental model, PA and motor skill development are 
shown to have a reciprocal relationship (Robinson et al., 2015; Stodden et al., 2008). As 
part of this reciprocal relationship, early childhood PA predicts motor skills 
development, which then reinforces participation in more PA as children age (Figure 1.1) 
(Robinson et al., 2015; Stodden et al., 2008). The relationship between PA and motor 
skills is extremely important in young children, as Seefeldt and colleagues (1980) suggest 
that there is a “hypothetical motor proficiency barrier”, which once overcome will 
reinforce children’s engagement in PA throughout the life course. 
Two reviews of cross-sectional studies that examined the relationship between 
PA and motor skills found a significant positive association between variables in a 
majority of studies (8/11 and 4/4) (Figueroa & An, 2017; Logan et al., 2012). Although a 
relationship was found to exist, studies within the review found that the strength and the 
direction of the association may differ based on the intensity of PA, the time of week PA 
occurs, the gender of the child, and the domain of motor skills assessed (Cliff et al., 
2009; Fisher et al., 2005; Foweather et al., 2015).  For example, Cliff and colleagues 
(2009) found that object-control skills had strong positive associations with PA in boys, 
but locomotor skill competence had strong negative associations with PA in girls. In 
another example, MVPA was shown to be associated with both locomotor and object 
control scores, but total PA was only associated with object control scores (Foweather et 
al., 2015). In a third study, Robinson and colleagues (2012) examined school day PA and 
motor competence and found that children’s locomotor skills accounted for ~21% of 
variance in their school day PA, while a child’s sex, body mass index (BMI), and object 
control skills made no difference in motor outcomes. Despite the multiple variations in 
the strength of the association between PA and motor competence, it is highly likely that 
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a real association exists within preschool-aged children. The next step in determining the 
relationship between PA and motor competence is to examine the direction of this 
relationship over time. 
Longitudinal Relationship between PA and Motor Competence 
Despite a cross-sectional relationship between PA and motor competence, a small 
number of studies have examined the relationship longitudinally (Barnett et al., 2009; 
Larsen et al., 2015; Lima et al., 2017; Lopes et al., 2012). Lopes and colleagues (2012) 
examined the longitudinal relationship between motor competence and self-report PA 
and found that children who had higher levels of motor competence at age six, also had 
higher levels of PA at age nine, compared to their peers with lower motor competence. 
Barnett et al. (2009) examined the association between self-report PA with motor 
competence domains and found that object control skills, but not locomotor skills in 
childhood were associated with more PA in adolescence. 
Research that studied the relationship using objective measures of PA found that 
improvements in motor competence and improvements in PA were related at three and 
seven years after initial measurements (Larsen et al., 2015; Lima et al., 2017). In 
addition, Larsen and colleagues (2015) also found that health-related fitness was an 
important predictor of improved MVPA, although it was more important in boys than in 
girls. The study by Lima and colleagues (2017) opted for a structural equation modeling 
approach and determined that vigorous PA was associated with better motor competence 
longitudinally, but that MVPA was only associated with motor competence when 
mediated by CVF. In the opposite direction, motor competence was associated with 
increased vigorous PA and MVPA, but again the association with MVPA was moderated 
by CVF (Lima et al., 2017). Overall, a 1 standard deviation increase in either PA or motor 
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competence was associated with a .11-.18 standard deviation increase in the other 
variable at 7 years follow up (Lima et al., 2017). 
Although findings from most studies show a consistent positive relationship 
between PA and motor competence, these variables tend to have a low to moderate 
correlation with one another. Additionally, each variable (motor competence or PA) only 
explains ~10% of the variance in the other variable, after controlling for potential 
confounders (Malina et al., 2016). Overall, there is a substantial body of evidence that 
supports a relationship between PA and motor competence, but the role of CVF is only 
just beginning to be understood.  
These finding have important implications for future health. PA has been shown 
to be consistently related to multiple health outcomes, whereas the relationship between 
motor competence and health is just beginning to be understood. The relationship 
between PA or motor competence and chronic health conditions (e.g., cancer, diabetes, 
or cardiovascular disease) cannot be seen in preschool-aged children, but the presence of 
a relationship with health-related fitness has often been explored (Donnelly et al., 2016; 
Lubans et al., 2010; Strong et al., 2005). 
Physical Activity, Motor Skills, and Health-related Fitness 
 PA and motor skill development have been shown to be connected to one 
another, but also to be related to multiple health-related fitness outcomes (Barnett et al., 
2016; Cattuzzo et al., 2016). The developmental model suggests that in early childhood, 
both PA and a motor competence aid in the development of health-related fitness (Figure 
1.1) (Robinson et al., 2015; Stodden et al., 2008). As children age into middle and late 
childhood, health-related fitness then mediates the relationship between motor 
competence and PA, which would allow children to engage in PA for longer periods of 
time (Robinson et al., 2015; Stodden et al., 2008). Health-related fitness outcomes can 
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be broken down into five domains including body composition, CVF, flexibility, muscular 
strength and muscular endurance, which are already measured in many school-aged 
children (Ortega et al., 2015; Plowman et al., 2006). Body composition is the most 
commonly studied health-related fitness outcome measure, followed by CVF, muscular 
strength and endurance, and flexibility. The next sections will describe the evidence for 
relationships of each health-related outcome with PA and motor skills in preschool-aged 
children. 
 Physical Activity, Motor Competence and Weight in Preschool-aged 
Children 
 In 2010, 43 million (6.7%) preschool children were considered overweight or 
obese worldwide, a relative increase of 60% from 1990 (De Onis et al., 2010). In 2014, 
Ogden and colleagues reported that obesity rates began leveling off in children age 2-5-
years old, but Skinner and his colleges (2018) suggest that these rates continue to 
increase. Prevalence data from 2015-2016, among children age 2 to 5-years-old in the 
United States, suggest that one in four (26%) children are overweight and that one in 
every eight children (13.7%) is obese, both up 4% from 2011-2012 data (Skinner et al., 
2016). Due to the high prevalence of overweight and obese preschool-aged children, the 
role weight plays in development is often an area of research interest. Within the 
developmental model, weight is separated from other areas of health-related fitness and 
believed to play a feedback role in the developmental process (Stodden et al., 2008). 
Stodden and colleagues (2008) hypothesized that increased weight creates a negative 
engagement spiral, which promotes decreased PA as children age; alternatively, children 
with normal weight have a positive engagement spiral, which predicts greater future 
participation in PA. 
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Due to the substantial number of studies that have examined the relationship 
between PA and weight in preschool-aged children, several reviews have been presented 
herein. Timmons and colleagues (2012) examined randomized controlled trials of PA 
interventions and found that PA interventions had no effect on the BMI of preschool-
aged children, but longitudinal studies included in the review found that more PA at a 
young age was associated with improved weight profiles later in life (Timmon et al., 
2012). A newer review by Carson et al. (2017), found limited evidence for a relationship 
between PA and weight in very young children, with the majority of studies (37/57) 
showing null, mixed, or unfavorable results for the relationship. Overall, these findings 
indicate that PA may not affect weight within preschool-aged children, but that PA 
participation may help to promote a positive weight trajectory as children age. 
 Cross-sectional studies have also examined the relationship between motor 
competence and weight within preschool-aged children. Studies that examined the 
relationship using process-based measures found a low-to-moderate strength 
relationship between motor competence and weight, while studies that have examined 
the relationship using product-based measures only found differences between clinically 
meaningful groups (i.e., normal weight vs. overweight and obese children) (Krombholz 
et al., 2013; Logan et al., 2011; Morano et al., 2011; Nervik et al., 2001; Saraiva et al., 
2013; Vameghi et al., 2013).  One study examined the relationship between motor 
competence and weight longitudinally but did not find a significant association at follow 
up (Hands, 2008). This finding provides some support for a motor proficiency barrier, as 
clinically meaning differences in weight may provide a barrier to the development of 
motor skills in children. 
A more recent study that examined BMI, PA and motor competence within the 
same analysis, provided more conflicting findings (Guo et al., 2018). Guo and colleagues 
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(2018) found no association between PA and BMI and no association between BMI and 
motor competence, although BMI score did moderate the relationship between motor 
competence and PA. Children with higher BMI scores and high motor competence 
participated in more PA. Findings from this study highlight the complexity of the 
relationship among variables in the developmental pathway and signify the need for 
further studies to assess interactions within this pathway. 
Overall, the evidence for a relationship between PA and weight, or motor 
competence and weight, is minimal, which may be due to the complicated connections 
between biology and the environment (Barnowski et al., 2019). Children with one (91%) 
or two (238%) obese parents are more likely to be obese adults, compared to children 
with no obese parents, but reasons for this are not well understood (Manios et al., 2007). 
The relationship between a child’s weight status and parents’ weight status is likely 
genetic, in part, but shared environment may also play a role through mediational health 
behaviors (e.g., PA, nutrition, sleep) (Albuquerque et al., 2017). In summary, current 
evidence does not support an association between PA or motor competence and weight, 
but interactions of these variables with biological and environmental factors should 
continue to be explored as potential pathways for improving weight profiles.   
 Physical Activity, Motor Competence and Cardiovascular Fitness in 
Preschool-aged Children 
 CVF is defined as the ability to perform large-muscle, whole-body exercise at 
moderate to high intensities for extended periods of time and has been shown to be 
related to both PA and motor competence in preschool-aged children (Bürgi et al., 2011; 
Leppänen et al., 2016; Physical Activity Guidelines, 2018; Taylor et al., 1955; Valhov et 
al., 2014). In addition to PA and motor competence, CVF has also been shown to be 
related to preschool-aged children’s weight profiles, blood lipid profiles and cognitive 
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function, along with being related to reduced health risk in early adolescence and 
adulthood (DuBose et al., 2007; DuRant et al., 1993; Goñi et al., 2017; Henriksson et al., 
2016; Martinez‐Tellez et al., 2016; Niederer et al., 2011; Ortega et al., 2018). Due to 
CVF’s relationship with so many significant health outcomes across the lifespan, 
research has examined it as a critical component of health-related fitness within 
preschool-aged children. 
A major review that examined PA and CVF in young children found that there 
was a significant positive relationship between variables (Carson et al., 2017). Despite 
this consistent association, the quality of evidence in the review was rated as very low 
(Carson et al., 2017). All three of the studies in the review did not control for potential 
confounders, which suggests potential bias within the studies (Carson et al., 2017). Other 
studies outside of those included in the review have also seen positive relationships 
between PA and CVF in preschool-aged children and suggested that more vigorous PA 
may be needed to see CVF improvements (Bürgi et al., 2011; Leppänen et al., 2016). A 
similar number of conflicting findings refute that hypothesis and suggest that only light 
or moderate PA is needed (Fang et al., 2017; Tanaka et al., 2012). Although evidence for 
the intensity of PA needed to improve CVF demonstrates conflicting findings, there 
appears to be a real relationship between PA and CVF. Future studies are needed to 
determine the PA prescription that should be used to produce CVF improvements in 
preschool-aged children. 
The most recent review that examined the relationship between motor 
competence and CVF in children and adolescents found that 16/16 studies had a 
significant positive association between variables (Cattuzzo et al., 2016). Studies that 
examined the association in preschool-aged children more specifically, used only 
product-based measures of motor skills and found that there was a low to moderate 
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correlation between motor competence and CVF (Reeves et al., 1999; Stodden et al., 
2013). More studies, using process-based measures are needed to determine associations 
between motor competence and CVF in preschool-aged children. 
Two longitudinal studies have examined the relationship between motor 
competence and CVF in preschool-aged children. In one longitudinal study, young 
children with better motor skills also had greater CVF in middle childhood (Hands 
2008). The second longitudinal study used both locomotor and object control scores to 
measure motor competence and found that both types of motor skills were related to 
improved CVF in high school, but that object control scores were a slightly better 
predictor of improved CVF outcomes than locomotor skills (Valhov et al., 2014). 
Although these studies provide support for the association between CVF and motor 
competence in preschool-aged children, none of the studies that assessed the 
relationship controlled for PA.  Due to the known relationship between PA and motor 
competence, lack of control for PA suggests that there might be collinearity issues in the 
relationship between motor competence and CVF that future studies should address. 
Additionally, the two studies that have collected data on motor competence, PA, and CVF 
together, have only examined the role of CVF as a mediator and not as an outcome in 
preschool-aged children (Bürgi et al., 2011; Lima et al., 2017). Although evidence from 
this literature review suggests that motor competence and PA are related, the role that 
PA plays in this relationship needs further assessment before promoting motor 
competence as a means to improve CVF outcomes. 
Several studies have also examined environmental factors correlated with CVF in 
preschool-aged children. Studies that examined the relationship between parents’ 
characteristics and CVF found that parental age, socio-economic status, and self-efficacy 
for PA were not related to CVF in preschool-aged children, but that parents enrolling 
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children and allowing them to participate in sports were related to improved CVF 
outcomes (Drenowtz et al., 2013; Ebenegger et al., 2012; Latorre-Roman. et al., 2016; 
Parekh et al., 2017). Findings from these studies are not surprising. Based on the model 
by Stodden and colleagues (2008), CVF is a health outcome that needs to work through 
PA or motor competence to produce an effect; thus, parents’ characteristics should not 
be directly associated with CVF, but may influence CVF indirectly or as a moderator. 
Despite limited evidence for the environment producing an effect on CVF, many 
successful school-based PA interventions have used multiple ecological levels when 
intervening to improve CVF outcomes (Eliakim et al., 2007; Purder et al., 2011; Tan et 
al., 2016). Interventions attempting to influence CVF have included intervention 
components within the home, school, and neighborhood microsystems, but factors 
within each of those environments that led to successful CVF changes were not examined 
(Eliakim et al., 2007; Purder et al., 2011; Tan et al., 2016). Although successful 
intervention components were not identified, these interventions provide support for a 
pathway between the environment and CVF, though PA. Future studies should examine 
interventions within this pathway to determine the extent to which the environment can 
influence CVF. 
Overall, studies that have examined the longitudinal association between PA and 
CVF have found that intra-individual correlations between CVF in adolescence and CVF 
in adulthood ranged between .30 and .74, which suggests that the development of CVF in 
early age is an important predictor of adult CVF (Janz et al., 1999; Malina, 2001). Based 
on available evidence, it appears that there is an association between both PA and motor 
competence with CVF, but that the pathway through which CVF is developed is not fully 
understood. Additionally, the role that critical developmental environments play on 
influencing this pathway remain mostly unexplored. Additionally, findings related to the 
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development of CVF in preschool-aged children should be tempered by the lack of 
studies reporting on validated measure of CVF, although many measurements are highly 
reliable (Bénéfice et al., 1999; Niederer et al., 2012; Oja & Jürimäe, 1997; Ortega et al., 
2015; Reeves et al., 1999; Rikli et al., 1992). In summary, the environment may be 
related to CVF development, but likely through pathways that involved PA, motor 
competence, or both. Future studies attempting examine the pathways between the 
environment and CVF should include PA or motor competence in their analyses.    
 Physical Activity, Motor Competence and Muscular 
Strength/Endurance in Preschool-aged Children 
 Muscular strength and muscular endurance are two measures of musculoskeletal 
fitness that are often analyzed together; thus, they will be presented together here 
(Cattuzzo et al., 2016; Institute of Medicine, 2012). To date, musculoskeletal fitness has 
not been shown to be related to health benefits in preschool-aged children, mostly due to 
the small amount of research that has examined the relationship (Cattuzzo et al., 2016). 
Although there are a limited number of studies that have examined musculoskeletal 
fitness in preschool-aged children, it has been found to be connected to health benefits 
for older children, suggesting that the relationship may be important in preschool-aged 
children as well (Millard-Stafford et al., 2015). 
 The one study that examined the relationships of moderate PA, vigorous PA, and 
MVPA with measures of musculoskeletal fitness in preschool-aged children found that 
MVPA and vigorous PA were associated with greater upper body strength (handgrip test) 
and lower body strength (long jump), but that moderate PA alone was not (Leppänen et 
al., 2016). Two studies that have examined the relationship between motor competence 
and musculoskeletal fitness in preschool-age children, also found a positive association 
(Hands, 2008; Stodden et al., 2014). In the study by Stodden and colleagues (2014), 
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children were tested on push-ups, curl-ups, grip strength, and PACER tests, and a 
health-related fitness variable was calculated by combining normalized scores for all four 
tests.  This health-related fitness score was significantly correlated with kicking and 
jumping motor outcomes, but was not associated with throwing (Stodden et al., 2014). In 
the second study, preschool-aged children were pair matched into low motor 
competence and high motor competence groups and completed test of musculoskeletal 
fitness over the course of 5 years (Hands, 2008). Children in the low motor competence 
group performed significantly worse on a standing long jump test, than their high motor 
competence peers at all testing timepoints (Hands 2008).  
Overall, three studies show an association of motor competence and PA with 
musculoskeletal fitness in preschool-aged children, but limitations (i.e., combined 
health-related fitness measures, limited number of tests, and small sample size) temper 
confidence in these findings. Stodden and colleagues (2014) cited that preschool-aged 
children have difficulty completing pushups and sit-ups, which is an added barrier to 
testing validity, and only recently have field-based tests of musculoskeletal fitness 
received formal testing protocols for use in preschool-aged populations (Ortega et al., 
2015). Future studies should continue to examine the relationship of PA and motor 
competence with musculoskeletal fitness in preschool-aged children using valid testing 
protocols. 
Physical Activity, Motor Competence and Flexibility in Preschool-aged 
Children 
Similar to musculoskeletal fitness, the relationship of PA and motor competence 
with flexibility has received little attention in preschool-aged children. There have been 
no studies that have connected flexibility and improved health profiles in preschool-aged 
children and the evidence related to flexibility in older children and adults also suggests 
  38 
that they are minimal health benefits conferred (Ortega et al., 2015; Physical Activity 
Guidelines, 2018). No recent studies that examined the relationship of flexibility with PA 
or motor competence in preschool-aged children could be found.   
Future Ecological Research Recommendations for Health-Related Fitness in 
Preschool-aged Children 
 Due to the small number of studies connecting PA and motor competence to 
musculoskeletal fitness or flexibility and the large number of studies that show null or 
mixed findings with weight, CVF appears to be the health-related fitness outcome that is 
most influenced by PA and motor competence in preschool-aged children. There also 
appears to be a small number of studies that have influenced CVF through ECEC-based 
PA interventions. Considering these findings and the proposed importance of health-
related fitness in the developmental pathway, the following recommendations are made: 
1.  Future studies should use mediational models to examine environmental factors 
that influence CVF in preschool-aged children through PA, while controlling for 
other important biological factors. 
2. Due to the large number of school-based intervention studies that have aimed to 
influence CVF, researchers should summarize this evidence to determine whether 
school-based interventions are an effective means of increasing CVF, while 
examining components of interventions that have the potential to influence CVF 
outcomes. 
3. In addition to CVF, there appears to be preliminary evidence to support the 
relationships between PA and musculoskeletal fitness, as well as motor 
competence and musculoskeletal fitness, suggesting that future studies should 
determine the strength and importance of this relationship before determining 
environmental factors that may modify it. 
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Overall Summary 
 This chapter has reviewed the literature examining the applicability of the 
developmental model in preschool-aged children while exploring important 
environments and factors within those environments that may affect components of the 
model. Through this review ten recommendations for continued areas of research have 
been made including three related to PA, three related to motor competence, one for 
perceived motor competence, and three for health-related fitness. This dissertation 
addresses two of these recommendations.  
Recommendation 1 Addressed 
Due to the large number of school-based intervention studies that have aimed to 
influence CVF, researchers should summarize this evidence to determine whether 
school-based interventions are an effective means of increasing CVF, while examining 
components of interventions that have the potential to influence CVF outcomes. 
Based on findings from this literature review, current evidence supports CVF’s 
relationship with PA and motor competence, while PA has been shown to be influenced 
by multiple important environmental contexts. There is currently relatively little 
evidence to support an association between the environment and CVF, but multiple 
interventions have targeted several environmental constructs when attempting to 
influence CVF outcomes. Most studies that have tried to improve CVF in preschool-aged 
children have done so through an ECEC, while adding intervention components from 
other influential microsystems. These interventions have been mostly successful but 
have consistently failed to identity intervention components that account for their 
success. Thus, this dissertation will attempt to synthesize this literature to determine 
environmental influences that may affect CVF, through PA interventions that occur in 
ECECs. Synthesis of this literature is critically important because improved CVF has 
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been shown to confer several positive health benefits for preschool-aged children, 
including improved weight, blood lipid profiles and cognitive function. By undertaking 
this review now, environmental interventions components that are successful at 
positively modifying the PA and CVF pathway will be identified, which can then be 
applied to future interventions that attempt to promote a positive CVF trajectory in 
young children. Thus, the first aim of this dissertation is as follows: 
Aim 1: To conduct a critical systematic review and meta-analysis of studies on 
school-based interventions that attempt to affect CVF in children, while examining 
socioecological factors within children’s environment that may influence CVF 
development.  
Hypothesis 1: School-based interventions that incorporate more levels of the 
EMPA will result in more robust intervention effects on CVF than interventions that 
incorporate fewer levels of the EMPA. 
Recommendation 2 Addressed 
Researchers should continue to examine factors within family, school, and 
neighborhood microsystems, across multiple racial and ethnic populations, which 
influence the development of preschool-aged children’s motor skills using both product-
based and process-based measures. 
Based on the findings from this literature review, motor competence was found to 
have a low to moderate correlation with PA in preschool-aged children and is related to 
overcoming the “proficiency barrier” that likely predicts increased engagement in PA as 
children age. In addition, the literature also suggests that motor competence may be 
related to improved CVF, and musculoskeletal fitness, which are important heath 
correlates in young children. Despite findings that motor competence is meaningful for 
development in young children, literature on environmental factors that affect motor 
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competence is currently lacking in the literature connecting PA and the environment. 
Several major studies have also found that aspects of the home and ECEC environment 
are significantly related to motor competence and that these factors may be different 
than the environmental factors that affect PA. The current literature connecting the 
home and ECEC environments to motor competence also has several large gaps 
including, limited inclusion of racial and ethnic minorities and use of only one type of 
measure of motor competence (product-based and process-based) that need to be 
addressed.  
This dissertation addresses this recommendation and these gaps in the literature 
by adding product-based and process-based measures of gross motor skills to the 
baseline data collection of an ongoing, garden-based intervention, occurring in ECECs in 
the southwestern US (Lee et al., 2019). By adding both types of measurements to this 
investigation we will gain a comprehensive understanding of gross motor skills – the 
domain most likely to be related to PA and CVF- in predominantly Hispanic preschool 
children, which is an understudied population in relationship to motor skills.  
Additionally, this dissertation will utilize home and family environmental data to address 
the following aims related to this recommendation. 
Aim 2: To examine factors at the individual and family level that may be related 
to children’s process-based and product-based gross motor outcomes in a group of 
predominantly Hispanic children.  
 Hypothesis 2(a): Individual and family factors will be significantly related 
to gross motor skills in predominantly Hispanic children; (b)but will not be significantly 
different based on ethnicity (Hispanic vs. non-Hispanic); (c) or method used (product-
based vs. process-based) to measure gross motor skills. 
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Aim 3: To examine the association between ECEC characteristics with process-
based and product-based gross locomotor outcome measures in predominantly Hispanic 
school children. 
 Hypothesis 3(a): ECEC factors will be significantly related to gross motor 
skills in predominantly Hispanic children; (b) but will not be significantly different based 
on ethnicity (Hispanic vs. non-Hispanic); (c) or method used (product-based vs. process-
based) to measure gross motor skills. 
Implications for Research, Policy and Practice 
 This dissertation has the potential to affect not only future research on school- 
and home-based assessment of motor skills, but also current policy and practices 
promoting healthy development of preschool-aged children. By assessing environmental 
factors (policy, PA resources, and playground size) at ECECs where preschoolers develop 
motor skills, we can determine current policies that are effective or ineffective for their 
development. In addition, by examining a variety of PA resources that are currently 
available, this work can provide guidance to educators on the most economical allocation 
of resources to develop motor sills, in a time where budgets in education are shrinking. 
Determination of resources that affect motor skills in children’s current environmental 
context has immediate benefits, as changes in environmental resources can easily be 
implemented by the teacher or director, while policy changes or behavioral interventions 
may take longer to implement and are more time and resource intensive. 
By investigating the home environment (PA parenting practices, PA resources, 
family size, acculturation, and socioeconomic status) that affects the skill development in 
young children, this work will determine characteristics that are related to 
underdeveloped motor skills in children as they enter preschool. By identifying these 
factors this work will be able to provide guidance to teachers on which children may need 
  43 
more careful motor skill assessments and ultimately individualized experience plans for 
development of skills. In addition to providing guidance for teachers, this work will be 
able to guide parents to resources to help encourage children’s GLS development before 
they reach the classroom. Interventions to improve motor skills may occur through the 
ECEC or may involve academic and community partnerships to help intervene, which 
will result in overall healthier communities for current and future generations of 
children. 
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Abstract  
This systematic review and meta-analysis examined the literature on school-
based physical activity interventions to identify factors that may improve cardiovascular 
fitness in preschool-aged children. Data sources included PubMed, Web of Science, 
Cochrane Library Trials, CINHAL, Science Direct, PsychINFO and SPORTDiscus. Peer-
reviewed publications of studies that met the following criteria: (1) mean age of 
participants between two and a half and five and a half years old; (2) randomized 
controlled trials or quasi-experimental interventions with a control group; (3) 
interventions occurring before, during, or immediately after school; (4) use of an 
objective measure or field-based estimate of cardiovascular fitness; (5) enrolled 
apparently healthy children were eligible for inclusion. Titles (n=1,197) were initially 
reviewed for inclusion into the study and seventy-four abstracts and full texts were 
further assessed for eligibility. Ten articles met all eligibility criteria and were included in 
the final review. A random effects meta-analysis suggested a moderate-to-large effect 
size for school-based interventions to increase cardiovascular fitness (Hedge’s g=.75; 
95%CI [.40-1.11]). Multi-level interventions (g=.79 [.34-1.25]) were more effective than 
those interventions focused on the individual (g=.67 [.12-1.22]). Preliminary evidence 
suggests that school-based interventions to increase cardiovascular fitness are highly 
effective at improving preschool children’s exercise test scores and that including three 
or more levels of the socioecological model within the intervention increases their 
efficacy. Although school-based interventions appear promising, the small number of 
studies included in this review limits confidence in these findings.  This study is 
registered at PROSPERO CRD42018099115. 
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Introduction 
Cardiovascular fitness (CVF) is defined as the ability to perform large-muscle, 
whole-body exercise at moderate to high intensities for extended periods of time and is 
related to multiple health outcomes in both adults and children (Myers et al.,2015; 
Ortega et al., 2008; Ortega et al., 2015; Physical Activity Guidelines Advisory Committee, 
2018). CVF begins to develop at a young age and tracks into adulthood to predict future 
CVF, physical activity (PA) and healthy weight profiles (Malina, 2001). Although CVF 
early in life is primarily determined by biological factors, there are behavioral (e.g., 
physical activity) and developmental (e.g., motor competence) factors that also 
contribute to differences in CVF in young children and thus offer a means for 
improvement (Malina, 2014; Robinson et al., 2015; Stodden et al., 2008). 
According to The Institute of Medicine (IOM), Early Care and Education Centers 
(ECECs) are primary targets for behavioral interventions because of the large number of 
young children they enroll (McGuire, 2011). Children spend an average of 24.8 hours per 
week at ECECs, which makes school-based intervention an important place to leverage 
to influence CVF in early childhood (Iruka et al., 2006; SHAPE America, 2015). Children 
at ECECs spend approximately 80% of their day in sedentary activities and only 2-3% in 
moderate to vigorous PA and low levels of PA have been shown to be related to 
underdeveloped CVF in early childhood (Bürgi et al., 2011; Leppänen et al., 2016; Pate et 
al., 2008; Reilly et al., 2010). Despite the association between PA and CVF, interventions 
focused on improving PA rarely examine concurrent change in CVF outcomes in young 
children, and several studies describe the correlation between CVF and PA as low in this 
population, suggesting that tangential factors related to PA may also influence 
improvements in CVF (Reilly et al. 2010; Carson et al., 2017; Ward et al., 2010). 
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CVF is also hypothesized to be related to higher levels of motor competence (MC) 
in young children through both physiological (i.e., improved neuromuscular function) 
and behavioral (i.e., motivation and activity participation choices) processes (Robinson 
et al., 2015). Although the mechanisms themselves have yet to be tested, several 
systematic reviews already support the association between CVF and MC in children and 
adolescents (Cattuzzo et al., 2016; Figueroa et al. 2017, Logan et al., 2014). Additionally, 
multiple environmental factors have been shown to be related to MC in preschool age 
children, including factors found in the home and ECECs (Cools et al, 2011; O’Neill et al. 
2014). The relationship between these findings suggest that a child’s environment may 
contribute to the increases in CVF though both increases in PA and improvements in 
MC. 
To date, only one review has examined the literature related to the improvements 
in CVF in young children (3 to 12-years-old) and was limited in scope by selecting only 
PA-related randomized controlled trials (Pozuelo-Carrascosa et al., 2018). Moreover, 
several sizable intervention studies to improve CVF in preschoolers were excluded. The 
current review adds to the literature by focusing specifically on studies that included very 
young children (2.5 to 5.5-years-old), examining additional study designs, and focusing 
on intervention components that are hypothesized to affect CVF outcomes. 
Ecological models, like the ecological model of physical activity (EMPA), often 
serve as a framework for examining pathways across multiple levels (microsystems, 
exosystems, mesosystems, and macrosystems) of influence to affect PA behaviors, and 
can also provide guidance for exploring indirect pathways related to CVF (Spence & Lee, 
2002). In addition, several school-based studies have used ecological frameworks when 
intervening to influence CVF, which suggests that they would aid as a roadmap for 
assessing indirect factors that may also contribute to its improvement (Eliakim et al. 
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2007; Purder et al., 2011; Tan et al., 2017). Therefore, the purposes of this study were to 
1) systematically review the literature on ECEC- or school-based interventions designed 
to increase CVF and 2) determine ecological factors related to increases in CVF in 
preschool-aged children. 
Methods 
Protocol and Registration 
This systematic review and meta-analysis was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO; Registration no. 
CRD42018099115; available from: 
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=99115). It was 
conducted and reported following the Preferred Reporting Items of Systematic Reviews 
and Meta-Analyses (Moher et al., 2009). 
Data Sources and Search Strategy 
Literature searches were conducted in June of 2018 using seven electronic 
databases, including PubMed, Web of Science, Cochrane Library Trials, CINHAL, 
Science Direct, PsychINFO and SPORTDiscus. For all databases, advance-searching 
options were used, and identical search strings were entered into each database. All 
possible search terms were entered into each search string, using the Boolean operators 
“AND” and “OR” to connect terms. The search string used to identify articles was 
(preschool OR day care OR pre-k OR early care and education) AND (school-based 
intervention OR before school intervention OR after school intervention) AND (fitness 
OR physical fitness OR cardiorespiratory fitness OR cardiovascular fitness OR aerobic 
fitness OR aerobic capacity OR aerobic power OR physical work capacity OR maximal 
oxygen consumption). No search limits were set for study year or country where the 
study took place. Only articles in English were reviewed. Initial searches were completed 
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by one author (JS), who compiled a list of all article titles and removed the duplicates. 
Two independent authors (JS, EL) reviewed the title list, with duplicates removed, for 
inclusion into the study. Results were compared, and discrepancies were discussed until 
a consensus was reached. Once titles that definitively did not match the PICO 
(Population: preschool-aged children, Intervention: school-based, Comparison: control 
group included, Outcome: CVF) were removed. In the event that the two reviewers could 
not reach consensus, a third reviewer (REL) was asked to resolve the conflict. Reviewers 
repeated the review process a second time reviewing abstracts and full texts based on all 
eligibility criteria to determine the final studies to be included in this review. When 
searches identified multiple articles that described different aspects of the same study 
(e.g., follow up, different outcome measures, subgroup analysis), data from all articles 
were included into the review if articles contributed additional information related to 
CVF. The systematic review was supplemented by identifying articles through reference 
lists and additional searches that took place as part of dissertation literature review. 
Eligibility Criteria 
For inclusion in this review, studies had to be published in peer-reviewed 
journals, written in English, and meet the following inclusion criteria, (1) study reported 
mean age of participants between two and a half and five and a half years old, (2) 
interventions were either randomized controlled trials or quasi-experimental 
interventions with a control group; (3) interventions must have occurred immediately 
before, during, or immediately after school; (4) CVF must have been assessed either 
directly or through a field-based estimate (e.g., timed runs or distance runs); (5) 
participating children must have been apparently healthy with no known cognitive or 
motor skills deficit at recruitment. 
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Data Extraction 
Research articles were critically reviewed several times. Main study 
characteristics were extracted and recorded in an excel spreadsheet to help with 
summarization, interpretation, rating, and comparison of study results. Study 
information related to effectiveness or possible intervention components was extracted 
from the article and included the following: (1) intervention length; (2) intervention 
setting (before, during, or after school); (3) age and number of participants included in 
the study; (4) country in which the study took place; (5) intervention characteristics; (6) 
methods of CVF measurement; (7) description of study findings; (7) inclusion of follow-
up data (if applicable); (8) study design; and (9) characteristics needed for a rating of 
study quality.  
Study Quality Assessment 
Study quality was rated using a Quality Index Score (QIS) developed for use in 
both randomized and non-randomized control trials (Downs & Black, 1998). QIS has a 
score that ranges from 0-28 (higher scores equal stronger quality) and when previously 
validated had high levels of internal consistency, test re-test reliability (r =.88), inter-
rater reliability (r =.75), and criterion validity (r =.90). The QIS reports on several aspect 
of bias including: quality of reporting, external validity, measurement/intervention bias, 
subject selection bias, and whether the study was appropriately powered. Two 
independent observers (JS, EL) completed the QIS and discrepancies were discussed 
until a consensus was reached. In the event consensus could not be reached a third 
reviewer (REL) helped to resolve the conflict. 
Data Synthesis 
A narrative synthesis was created for all studies. Results were synthesized by 
study design, region where the study took place, study quality, method of measurement 
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for CVF, and intervention components from each level of the socioecological model. 
Additionally, the number of studies within each synthesized category were tabulated and 
examined in an attempt to identify patterns within each tabulated group. Lastly, overall 
completeness, quality of the evidence, and potential biases in the review process were 
discussed. 
Meta-Analysis 
Pre-post intervention means and their standard deviations/standard errors were 
extracted from each article and transformed into mean differences and pooled standard 
deviations. When multiple measures of CVF were present within one article the outcome 
measure that was most closely related to the definition of CVF was selected (Physical 
Activity Guidelines Advisory Committee, 2018). Studies that analyzed data subsamples 
separately (normal weight vs. obese), or made multiple measures within one test (heart 
rate at multiple workloads), were combined to create one effect size and weighted 
according to the number of participants in each group. When additional information was 
needed to determine effect size, authors were contacted up to three times in attempt to 
retrieve the data. In the event the author could not be reached, effect sizes were 
estimated from graphs as opposed to table values. Each individual study only 
contributed one effect size to the meta-analysis, despite the number of articles included 
in the review. 
Hedge’s g, a measure of effect size that corrects for the impact of small sample 
sizes and standard errors, was calculated for each sample that provided data (Borentein 
et al., 2009). In the event two articles reported the same sample, the primary outcome 
paper was used to compute effect size. In addition, because interventions occurred in the 
school setting, a design effect was applied that took into account the average number of 
subjects per classroom, and an estimated clustering effect was used to correct the 
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Hedge’s g standard error for studies that did not originally control for clustering in their 
analyses. Purder et al.  (2011) found an interclass correlation (ICC) of 0.07 for measures 
of CVF in 40 preschool classrooms, while Kriemler et al. (2010) and Meyer et al. (2014) 
found ICC’s between 0.02 and 0.04 in elementary children. An ICC of 0.07 was used 
when adjusting for clustering as it provided the most conservative estimate for the 
population included in the current review.  
A forest plot was created in the Cochrane database review manager using 
adjusted effect sizes and their 95% confidence intervals (RevMan 2014). A summary 
effect was provided based on a random effects meta-analysis. Heterogeneity was 
estimated using Cohran’s Q and a random effects meta-analysis was used, as it 
incorporates both within study and between study variance and provides a better 
estimate in cases where studies have high heterogeneity or low sample sizes. Sub-
analyses were conducted to compute effect sizes for each of the following groups in an 
attempt to examine patterns or explain heterogeneity: study design (randomized 
controlled trials vs. quasi-experimental), length of intervention (one academic year vs. 
less than one academic year), world region where the study took place (North America 
vs. Middle East vs. China vs. Asia), method of CVF measurement (heart rate vs. shuttle 
runs vs. distance runs), and number of levels of the socioecological model included in the 
intervention ( 3+ vs. <3). Finally, a funnel plot was created and visually inspected to 
examine potential publication bias based on methodological quality. Statistical tests were 
underpowered to detect publication bias, thus were not used (Begg et al., 1994; Egger et 
al., 1997). 
Results 
The search process returned 1,197 individual titles that were reviewed for 
inclusion in the study. Seventy-four abstracts and full texts were read based on their title 
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matching the PICO and ten articles met all eligibility criteria and were considered 
acceptable for final review (Figure 3.1). Of the ten articles, eight contributed individual 
effect size data one article was a follow-up study, and another was a secondary data 
analysis (Alpert et al., 1990; Eliakim et al., 2007; Latorre‐Román et al., 2018; Nemet et 
al., 2011(a); Nemet et al., 2011(b); Nemet et al., 2013; Niederer et al., 2013; Purder et al., 
2011; Tan et al., 2017; Zhou et al., 2014). Of the eight studies that contributed individual 
data, three were almost identical interventions by the same research team, but the 
intervention was tested in three separate populations (Eliakim et al., 2007; Nemet et al., 
2011(a); Nemet et al., 2011(b)).  
Data extracted from the articles can be found in Table 3.1. Sample sizes ranged 
from 24 to 795 children. All of the studies occurred during the school day, and 
interventions lasted between eight weeks and one full academic year. Seven of the eight 
studies had an experimental study design, whereas one used a quasi-experimental study 
design (Alpert et al., 1990; Eliakim et al., 2007; Latorre‐Román et al., 2018; Nemet et al., 
2011(a); Nemet et al., 2011(b); Purder et al., 2011; Tan et al., 2017; Zhou et al., 2014). 
Three studies took place in the Middle East, two occurred in Asia, two were conducted in 
Europe, and one occurred in North America (Alpert et al., 1990; Eliakim et al., 2007; 
Latorre‐Román et al., 2018; Nemet et al., 2011(a); Nemet et al., 2011(b); Purder et al., 
2011; Tan et al., 2017; Zhou et al., 2014). Four studies used shuttle runs as their primary 
method of measurement for CVF, three used a timed run, and one used heart rate 
response at multiple progressive workloads (Alpert et al., 1990; Eliakim et al., 2007; 
Latorre‐Román et al., 2018; Nemet et al., 2011(a); Nemet et al., 2011(b); Purder et al., 
2011; Tan et al., 2017; Zhou et al., 2014). In addition, one study used heart rate 
measurements before and after a specified workload as a secondary measure of CVF (Tan 
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et al., 2017). The use of each level of the socioecological model as intervention 
components for each study can be found in Table 3.2. 
Results from the random effects meta-analysis suggest a moderate-to-large effect 
size for the school-based interventions on CVF (Figure 3.2). Due to high heterogeneity 
between study effects (Cohran’s Q= 44.92; p<.001), subgroup analyses were conducted 
to explore differences. Randomized controlled trials had a larger effect size (g=.81 95%CI 
[.41-1.21]; n=8), than quasi-experimental study designs (g=.43 [-.06-.92]; n=1) (Alpert et 
al., 1990; Eliakim et al., 2007; Latorre‐Román et al., 2018; Nemet et al., 2011(a); Nemet 
et al., 2011(b); Purder et al., 2011; Tan et al., 2017; Zhou et al., 2014). Study interventions 
that occurred for one full academic year (g=.60 [.18-1.02]; n=4) were less effective than 
those occurring for only a partial year (g=1.00 [.27-1.72]; n=4) (Alpert et al., 1990; 
Eliakim et al., 2007; Latorre‐Román et al., 2018; Nemet et al., 2011(a); Nemet et al., 
2011(b); Purder et al., 2011; Tan et al., 2017; Zhou et al., 2014). The study that occurred 
in North America (g=1.40 [.52-2.28]; n=1) had the largest effect size, followed by those 
that occurred in the Middle East (g=1.13 [.61-1.66]; n=3), Asia (g=.41 [.02-.79]; n=2), 
and Europe (g=.21 [.06-.36]; n=2) (Alpert et al., 1990; Eliakim et al., 2007; Latorre‐
Román et al., 2018; Nemet et al., 2011(a); Nemet et al., 2011(b); Purder et al., 2011; Tan 
et al., 2017; Zhou et al., 2014). When examining methods of measurement, the study that 
used heart rate response to a set workload (g=1.40 [.52-2.28]; n=1) showed the strongest 
intervention effect, followed by those that measured CVF with shuttle run tests 
(g=.93[.37-1.50]; n=4), and timed runs (g=.44 [.01-.87]; n=3) (Alpert et al., 1990; 
Eliakim et al., 2007; Latorre‐Román et al., 2018; Nemet et al., 2011(a); Nemet et al., 
2011(b); Purder et al., 2011; Tan et al., 2017; Zhou et al., 2014). Finally, studies which 
included 3 or more components of the socioecological model in their intervention (g=.79 
[.34-1.25]; n=5) were more effective than studies that intervened only at the individual 
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level (g=.67 [.12-1.22]; n=3) (Alpert et al., 1990; Eliakim et al., 2007; Latorre‐Román et 
al., 2018; Nemet et al., 2011(a); Nemet et al., 2011(b); Purder et al., 2011; Tan et al., 
2017; Zhou et al., 2014). None of the sub-analyses completely explained the 
heterogeneity in the results (p’s>.05). 
Assessment of study quality  
Quality assessments of each study can be found in Table 3.3. Overall, the study 
quality was moderate, with an average of 17.9±4.3 (63.9%) of twenty-eight items on the 
checklist being met. Studies demonstrated the lowest quality rating on power analysis 
and external validity criteria. Only one of eight studies reported a power analysis and, on 
average, just over one (1.3, 43.3%) of three of the external validity items were reported. 
Other areas of bias had substantially better scores. On the reporting subscale, the 
average study reported 7.6 (69.1%) of eleven items, and 5.0 (71.4%) of the seven internal 
validity and 3.9 (65.0%) of the six selection bias items. The one quasi-experimental study 
included had comparable levels of bias with other studies, and, thus, should not have 
impacted the results of this review. 
Results from the funnel plot are depicted in Figure 3.3. Interventions with large 
sample sizes (low standard errors) were dispersed evenly around the average effect size 
with several studies indicating small to no effect. Smaller studies (high standard errors) 
were skewed to the right, above the 95% confidence interval on the distribution, 
suggesting that there may be some evidence of publication bias related to these studies. 
Due to the small number of studies, statistical tests were not used. 
Discussion 
Overall, this study found that interventions focused on improving the CVF 
profiles of young children impart a moderate-to-large effect on CVF, and interventions 
which include multiple components of the socioecological model are more effective than 
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those aimed at the individual level. Interpersonal and organizational factors included in 
these studies focused on training and incorporation of teachers into intervention 
delivery, whereas parents were included through newsletters, discussions, orientation 
sessions, webinars, and family homework. Additionally, PA equipment was installed into 
classrooms and play areas of ECECs. The one intervention that included both community 
and policy level intervention components focused on center-level play policies, improved 
curricula and curricular monitoring, improvement of neighborhood play equipment, and 
neighborhood events for families (Zhou et al., 2014). Strategies implemented by these 
studies are consistent with the literature on improving PA and supported by the EMPA, 
which posits that interventions that occur across multiple levels have linkages that allow 
effects to transfer from one level to another (Spence & Lee, 2002).  
Hypothesized transfer linkages are a potential explanation for the larger effect 
size of interventions that included three or more levels found in this systematic review. 
In addition, the finding that multi-component interventions are more effective for 
improving CVF aligns with the current recommendations for including multiple levels of 
the socioecological model in school-based interventions to improve PA, although effect 
sizes for school-based interventions on PA are smaller than those found for CVF in this 
meta-analysis (Beets et al., 2009; Van Sluijs et al., 2007; Wechsler et al., 2000).  Two 
previous reviews that examined the relationship between school-based PA interventions 
and CVF in children, including older children, discovered that PA interventions only 
created small effects on CVF profiles (Beets et al., 2009; Pozuelo-Carrascosa.et al., 
2018). Smaller effect sizes could potentially be due to a dilution effect related to grouping 
all children, aged 3-12 years-old, into one analysis, as environments and developmental 
patterns in younger children differ from older children (Malina, 2001; Ortega et al., 
2007). 
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Several of the sub-analyses from this meta-analysis revealed interesting results. 
First, sub-analyses showed that full academic year interventions had smaller effect sizes 
than interventions that occurred for a partial year. While this finding appears 
counterintuitive, intervention frequency (3x-6x per week), duration, and type (structured 
vs. unstructured) varied substantially across studies and may be responsible for these 
results. Previous research has shown that higher intensity, longer duration per session, 
and higher frequency of sessions per week have all been related to improved CVF levels 
(Wenger et al., 1986). Many of the studies in the current review address frequency per 
week and duration per session, but differences in exercise intensity and type (aerobics, 
sport, free play, structure) preclude from defining a program prescription to compare 
across studies. Future studies that address CVF should include and report measures of 
frequency, intensity, duration, and mode to facilitate comparisons. 
Second, sub-analyses revealed that effects varied substantially based on the 
measure used to discern CVF (g=.44-1.40), and that the strongest intervention effects 
were found with the use of heartrate monitoring (Alpert et al., 1990). Although heartrate 
is important to measure in relationship to CVF, submaximal exercise heart rate has been 
found to be variable in preschool-aged children (Nguyen et al., 2011). In addition, issues 
related to pacing or motivation may prevent children from reaching maximal exercise 
intensity. There is no gold-standard field-based measure for CVF and previous reviews 
suggest that a shuttle run test with a pacesetter may be the best option; however, this test 
may be influenced by factors other than the cardiovascular system (weight, motivation, 
motor competence, perceived motor competence, listening skills) (Ortega et al., 2015; 
Ruiz et al., 2011). Future studies that validate field-based measures of CVF in preschool-
aged children and / or develop new measures are needed to advance the field. 
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Strengths 
A strength of this meta-analysis lies in the choice of a narrowly defined age range. 
By selecting only studies with preschool-aged children, environmental intervention 
components specific to this age group can be analyzed. Preschool children often face a 
unique set of environmental circumstances compared to elementary-aged children 
including shorter school weeks, higher levels of teacher engagement in activity lessons, 
and higher initial levels of PA (Chow et al., 2015; Ishii et al., 2015). Additionally, 
preschool teachers often have more flexibility in how to implement PA interventions 
within the classroom (Howie et al., 2016). By examining only preschool-aged children, 
findings from this study have increased applicability to young children’s schools and thus 
are more likely to be successfully implemented, resulting in higher levels of CVF. 
Furthermore, CVF has been found to have higher inter-age correlations than PA in 
childhood, suggesting that children who improve their CVF early on in life may sustain 
improved CVF into later childhood (Malina, 2001).  Future research should determine if 
CVF intervention effects in childhood can be maintained as children age. 
A second strength of this meta-analysis was the high methodological quality 
(mean QRI score=17.9) of this group of studies compared to other studies that have 
examined health-related interventions (Downs & Black 1998; Prince et al., 2008; 
Warburton et al., 2010). Initial testing during the design process found average QRI 
score of 14 for a randomized health care intervention, while an average score for a quasi-
experimental study was 11 (Downs & Black 1998). Subsequent use of the QRI in two PA 
interventions revealed that 11 and 12 of (~75-80%) the items were reported, although 
several scales were modified to remove less relevant items (Prince et al., 2008; 
Warburton et al., 2010). In this group of studies, all but two of the randomized 
controlled trials and quasi-experimental studies scored at least 14 or higher on the QRI 
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checklist, which suggest a high level of scientific rigor for the studies included in this 
review (Nemet et al., 2011 (a); Nemet et al., 2011(b)). 
Limitations 
Despite the strong methodological quality overall, only one study reported a 
power analysis and controlled for clustering related to having multiple classrooms in 
their analysis (Purder et al., 2011). Three studies determined that there was a significant 
intervention effect, which was later erased when an estimated design effect was applied 
(Tan et al., 2017; Latorre‐Román et al., 2018; Zhou et al., 2014). On average, fewer than 
half of the items were reported in relationship to external validity, which limits the 
generalizability of these findings to larger and more diverse populations. Despite the 
limitations related to power and external validity, scores for reporting, internal validity, 
and selection bias were high suggesting that this body of research applied rigorous study 
designs with high internal consistency. Consequently, the finding from these studies are 
likely real effects and not due to poor methodology or flawed research practices. 
When interpreting the evidence presented in this review several factors should be 
considered. First, this meta-analysis found a high level of heterogeneity in the studies, 
suggesting that studies were more different from one another than similar. Based on the 
small number of studies and the variety of characteristics of the studies included in this 
meta-analysis, an increased amount of heterogeneity is to be expected. Characteristics 
that may have contributed to the heterogeneity are inclusion of both quasi-experimental 
and experimental study designs, use of multiple measures of CVF, interventions with 
varying numbers of intervention components, multiple countries with differences in 
early childhood education, and lack of reporting on external validity. Further, this 
analysis was unable to compare sociodemographic differences between study 
populations. Although some explanations for heterogeneity were explored through 
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stratified analysis, interaction between several factors could have still occurred which 
allowed increased levels of heterogeneity to remain. More studies aimed at increasing 
CVF are needed to determine the extent to which each of these factors play a role in the 
improvement of CVF in early childhood. 
A second element that should be considered when interpreting the results of this 
meta-analysis is the choice of measure used to determine CVF. The majority (7/8 
studies) of studies in this review used field-based measures of CVF, including shuttle and 
distance runs, while only one study examined the effects of CVF interventions on a 
physiological outcome. CVF the ability to perform large-muscle, whole-body exercise at 
moderate to high intensities for extended periods of time and is best measured by 
physiological responses to exercise (Armstrong et al., 2011; Physical Activity Guidelines 
Advisory Committee, 2018). Only one study in this meta-analysis measured heart rate, a 
physiological component related to CVF, while other studies use performance on field-
based tests, which estimate CVF through prediction equations. Field-based tests and 
related prediction equations can be a useful tool in the community-based or school 
setting. However, current field-based tests for CVF have not been validated for use in 
young children (< 6 years old), and thus may be related to constructs (PA, MC, 
motivation) other than CVF (Ortega et al., 2015). This sentiment is further supported by 
Ruiz et al. (2011) who reported that run/walk tests are not an accurate measure of CVF in 
young children as there is a major challenge in developing pacing. Nevertheless, CVF is 
an important construct to understand in young children, as it has been shown to be 
consistently related to improved health profiles in adolescents and adults (Meyers et al., 
2015; Ruiz et al., 2016).  
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Conclusion 
This meta-analysis suggests a strong effect of school-based interventions on CVF 
in preschool-aged children and use of an ecological framework to develop interventions 
appears to impart a stronger effect than individual level interventions alone. Relative 
contributions of intervention components at each level of the model has yet to be 
determined, but parents and educators can currently utilize components on multiple 
levels of the ecological model to improve the CVF profiles of their children. CVF at an 
early age has the potential to improve the health trajectory of young children now and 
into the future and children’s environments may serve as a roadmap to determining the 
most effective means to do just that.  
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Figure 3.3 Funnel plot of intervention effect sizes (x-axis) and their corresponding 
standard errors (y-axis). Solid triangle represents predicted distribution and 95% 
confidence interval of effect sizes based on a null hypothesis. Dashed triangle represents 
the actual distribution and related 95% confidence intervals. 
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Abstract 
 
Objective: To examine individual and family factors associated with the quantity 
and quality of gross locomotor skills (GLS) in predominantly Hispanic children. Design: 
Cross-sectional. Methods: Parents’ and children’s demographic characteristics, 
parenting practices, parents’ physical activity (PA) level, and number of home-based PA 
resources, were collected via surveys. Survey measures were examined for associations 
with children’s product-based (PACER) and process-based (CHAMPS GLS protocol) GLS 
via forward selection stepwise linear regression models in the full sample and by sex. 
Results: Children’s (n=144; 78.3% Hispanic; mean ± SD age 53.2±4.5 months) scores 
(mean ± SD) for the product- (n=144) and processed-based assessments (n=91) were 
3.7±2.3 laps and 19.0±5.5 criteria, respectively, and had a moderate correlation (r=0.46; 
p<.01) with each other. Children’s sex (B=-0.96; p=0.03), age (B=0.17; p<0.01), parents’ 
promotion of inactivity (B=0.66; p=0.08), parents’ promotion of screen time (B=0.65; 
p=0.05), and parents’ concern for safety (B=-0.36; p=0.09) were significantly associated 
with higher product-based GLS. Children’s age (B=0.47; p<0.01) and their parent being 
employed (B=2.29; p=0.07) were significantly associated with higher process-based 
GLS. Individual level factors accounted for ~20% of the variance in GLS and addition of 
family level factors increased this to 30-45%. Conclusions: Individual level demographic 
characteristics accounted for a substantial portion of GLS development in preschool-
aged children, but home environmental context was almost equally as important. 
Parents should be made aware of the role their behaviors play in children’s GLS 
development and provided resources to help create positive developmental family 
environments. Trial Registration: ClinicalTrials.gov Identifier: NCT03261492 (date of 
registration 8/25/17) 
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Introduction 
Motor competence begins to develop at birth and progresses based on the 
changing constraints that children face during their lives (Clark & Metcalfe, 2002). 
Consequently, policy-making organizations have recommended that preschool-aged 
children should be physically active throughout the day to enhance growth and 
development trajectories, which will result in early acquisition and refinement of 
fundamental motor skills (McGuire, 2011; US Department of Health and Human 
Services, 2018).  Gross locomotor skills (GLS), one of three domains (locomotor, object 
projection, and object deflection skills) of fundamental motor skills are associated with 
increased physical activity (PA) in preschool-aged children and related to continued 
participation in PA as children age into middle and late childhood (Lopriznzi et al., 2015; 
Robinson et al., 2015). Thus, development of GLS offers an avenue to promote positive 
health outcomes associated with PA throughout the lifespan.  
Young children’s PA levels have been shown to be strongly related to individual 
level factors (e.g., sex, weight, age) and factors within the home, including PA resources, 
parenting practices, and parents’ PA levels (Dowda et al., 2011; O’Connor et al., 2014; 
Pate et al., 2004; Pate et al., 2015). The ecological model of PA (EMPA) suggests that 
interventions spanning across multiple levels of influence (individual, family, school, 
etc.) are more likely to improve PA than those that occur only at the individual level 
(Spence & Lee, 2003). Similarly, current models for improving motor competence often 
theorize the importance of the individual and family environments when intervening on 
motor outcomes; however, evidence is sparse (Robinson et al., 2015).   
Two studies have examined influence of the family environment on gross motor 
outcomes in preschool-aged children. One study, found that parental beliefs (importance 
of PA), parental behaviors (paternal PA, active transportation, and providing activity 
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resources), and family demographic characteristics (parental education) were related to 
improved processed-based measures of gross motor skills, but did not differentiate 
between domains of gross motor skills (Cools et al., 2011). The second study reported 
that number of home PA resources and participation in swimming were related to 
improved processed-based measures of GLS but did not use a product-based measures 
(Barnett et al., 2013).  
Product-based assessments evaluate the outcome of a movement and process-
based assessments evaluate how a movement is preformed (Logan et al., 2017). The 
quantitative outcomes (i.e., how many running laps can be completed) may not always 
be related to the quality of the movement (e.g., a child’s running form), and relationships 
between types of assessments have been shown to change over time (Logan et al., 2017). 
Both types of measure are needed to comprehensively assess motor competence, but no 
investigations between motor competence and the family environment have used both. 
There have also been no studies assessing the relationship between the family 
environment and GLS in Hispanic preschool-aged children, who have been shown to 
have worse GLS then their non-Hispanic peers (Goodway et al., 2010). The purpose of 
this study was to examine factors at the individual and family level that may be 
associated with product- and process-based measures of GLS in a group of 
predominantly Hispanic children (78.3%). Additionally, this study explored these 
associations by children’s sex. 
Methods 
Participants 
This study added baseline motor competence measures to an ongoing early care 
and education center (ECEC)-based, PA intervention. Parents and their children were 
recruited from 16 ECECs across central Arizona and included both school and center-
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based ECECs. A description of ECEC and participant recruitment methods has been 
published (Lee et al., 2019). Briefly, ECECs were eligible to participate if the center was 
licensed, participated in the Child and Adult Care Food Program or National School 
Lunch Program, and were located in a census tract with >30% Hispanic/Latino 
population. To reduce clustering effects within ECECs, the director of each center chose 
only one classroom to participate based on teachers’ enthusiasm to receive a garden. 
Parents and children were eligible to participate if the child was between the age of 3 and 
5-years-old and both parent and child were willing to complete assessments. Parents 
provided signed, written informed consent for themselves and their child in English or 
Spanish prior to participation, and children verbally assented to participate in motor 
skill protocols. All protocols and procedures were approved by the Institutional Review 
Board at Arizona State University. 
Demographic Measurements 
Parents’ and children’s age, sex, ethnicity, and birth country were collected using 
questions from the Behavioral Risk Factor Surveillance System (Nelson et al., 2001). 
Parent’s age was self-reported in years and child’s age (months) was calculated as the 
difference between date of birth and the date that classroom assessments of GLS 
occurred. Ethnicity was collapsed into Hispanic and non-Hispanic categories. Parental 
marital status, education, job status, and income were collected using questions from the 
Maternal and Infant Health Assessment (Braveman et al., 2001).  Job status was 
collapsed into employed and not employed categories. Parental acculturation was 
assessed in both Hispanic and non-Hispanic parents using the general acculturation 
index, which is highly reliable (α=0.82) and has been shown to be a valid measure of 
education attained in Latin America and the United States (Balcazar et al., 1995). All 
survey questions were provided in English or Spanish and available to be filled out 
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online or in paper format. Surveys were provided to parents, completed on their own 
time and returned within two weeks to research staff or their child’s ECEC teacher. 
Height and Weight  
Children’s height was measured using a Seca stadiometer (model 213, Seca 
Corporation, Hamburg, Germany) to the nearest quarter inch. Two measurements were 
taken without shoes and averaged. If the measurements were more than a quarter inch 
apart, then a third measurement was taken, and the two most similar measurements 
were averaged. Weight was measured using a Tanita body composition analyzer (model 
TBF-310, Tanita Corporation, Tokyo, Japan).  Two measurements were taken, and a 
third was obtained if the difference between weights was more than one half pound. 
Average height and weight were used to calculate body mass index (BMI) percentile 
using the standard formula and CDC growth charts (Kuczmarski et al., 2000).  
PA Parenting Practices, Parents PA and PA Activity Resources 
PA parenting practices were measured by the Preschooler PA Parenting Practices 
(PPAPP) instrument, which assesses practices that encourage or discourage children to 
be active and has been shown to have moderate to excellent test-retest reliability 
(O’Connor et al., 2014). The survey consists of 32 items that describe parents’ behaviors 
and make up two major scales (encouragement of PA and discouragement of PA). 
Several sub-scales also exist for discouragement of PA (screen time, promotion of 
inactivity, psychological control, and concern for safety). Each item is scored as 1 (never) 
to 5 (always), and averages were computed for items according to scoring protocols. 
Parent’s PA was self-reported on the survey using the validated Stanford Leisure-Time 
Categorical Item (Kiernan et al., 2013). 
Home PA resources were measured using a 14-item checklist related to PA 
resources (e.g., bikes, jump ropes, and play rooms) available in the home (Rosenberg et 
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al., 2010). The scale has previously been shown to have strong test-retest reliability 
(ICC=.80) when parents reported on items available for children. Each resource on the 
list was scored as either present or absent, and a sum of all present resources was 
calculated (range 0-14).  
Gross Locomotor Skills 
GLS were measured using both process- and product-based measures. The 20-
meter shuttle run (PACER) was used as the product-based measure of GLS. The 20-
meter shuttle run was chosen as a product-based measure because it has been shown to 
be reliable, but is not currently validated as a measure of CVF in preschool-aged children 
(Ortega et al., 2015). Shuttle run testing occurred during a baseline on-site visit to each 
ECEC during a recess period. After observing a demonstration to familiarize them with 
the test, children completed the test in groups of 2-3 on the playground at each site. 
During the test, children ran back and forth 20-meters with an initial running speed of 
8.5 km/hour and a progressive .5 km/hour increase in running speed every minute 
(Lerger et al., 1988). A research team member led the children through the test to help 
establish pace and provide instructions. Children were considered to be finished with the 
test when they did not complete two laps in the required time or were too tired to 
continue. Results are expressed as the last lap that the child successfully completed. 
For the process-based measure, a subgroup of children completed the gross 
locomotor portion of the CHAMPS motor skill protocol (CMSP) (Williams et al., 2008). 
Due to the amount of time required to administer the CSMP (~5-10 minutes per child), 
consented children were randomly selected by the teacher to participate and as many 
children as possible were tested in the available recess time that day. The CMSP has been 
shown to be reliable (R=0.88-0.97) and have strong concurrent validity with other tests 
of gross motor skills (R=0.95-0.98). Two trials of six GLS (run, broad jump, slide, gallop, 
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leap, and hop) were completed by each child following two expert demonstrations of 
each skill.  One demonstration was provided facing the child and one was provided in the 
direction that the child was asked to complete the skill. A trained assessor checked-off 
each process-based characteristic that the child completed correctly for each skill. No 
feedback or additional demonstrations were provided. The two trials for each skill were 
averaged and a total process-based locomotor score was summed from the average of 
each individual skill. Possible final scores ranged from 0-35, with higher scores 
indicating better quality movements. 
Statistical Analysis 
A design effect (DEFF) was calculated to determine if multi-level models were 
needed to control for clustering. Due to low levels of between school variance for both 
PACER laps (ICC=0.04; DEFF= 1.44) and CMSP score (ICC<0.01; DEFF=1.11), and a 
relatively small sample size of schools (n=16), multilevel models were not used for this 
analysis (Hox& Maas, 2002; Wears, 2001).  
Descriptive characteristics were determined with means, standard deviations and 
percentages. Independent t-tests and chi-square tests were used to assess demographic 
differences by the test completed (locomotor vs. PACER only) and by sex (girls vs. boys). 
Bivariate tests were conducted between each independent variable and outcome 
measures. Independent variables were entered into forward selection stepwise 
regression models in up to three blocks. Block one included individual demographic 
variables (child age, sex, BMI percentile, ethnicity, and birth country). Block two 
included family demographic variables and parents’ PA level (parents’ age, marital 
status, employment, education, income, acculturation, and parents’ PA level). Block 
three included parenting practices and PA resources (shown in results tables). Models 
were evaluated after each block and non-significant variables were removed at each stage 
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(p<0.20). An initial model was fitted for all participants, followed by stratified models 
for girls and boys. Due to the exploratory nature of this study, p<.10 was considered 
significant in the final model. Following block one, significant associations between child 
demographic variables and outcomes were plotted by age tertile and/or sex for 
visualization. Following block three, bivariate associations were conducted to check for 
multi-collinearity between final variables included in the model. Parenting practices that 
were significant in the final models were individually replaced in regression models by 
their subscale items in an effort to help with translation. All analyses were completed 
using SPSS version 24. 
Results 
Overall, 144 children from 16 ECEC participated in GLS measures. The PACER 
test was completed by 142 children and 91 completed the CMSP. Two children completed 
the CMPS but declined participation in the PACER test. One ECEC with a higher 
proportion of girls (87.5%) opted not to complete the CMPS, thus more boys (n=54) 
completed this assessment than girls (n=37; χ2=7.40; p=.01). There were no other 
significant differences in demographic variables between those who completed the CMPS 
(n=91) and those who did not (n=53; p>.05). The average score on the PACER test was 
3.7±2.3 laps and average score on the CMPS was 19.0±5.5 criterion. PACER and CMSP 
scores were moderately correlated (r=.46; p<.01). Boys scored significantly higher on the 
PACER test than girls (4.4±2.5 laps vs. 3.0±1.9 laps; p<.01), but there were no other 
significant differences by sex (p>0.05) (Table 4.1).  
Bivariate analysis in the full sample revealed that child’s age (r =0.38; p<0.01) 
and sex (rpb=-0.30; p<0.01), parents’ promotion of screen time (r=0.30; p<0.01), 
parents’ promotion of inactivity (r=0.19; p=0.05), and parents’ concern for safety (r=-
0.23; p=0.02) were significantly related to the number of PACER laps completed. In the 
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stratified analysis, significant associations with child’s age (r=0.27; p=0.03), parents’ 
promotion of screen time (r=0.26; p=0.06), and parents’ concern for safety (r=-0.23; 
p=0.02) remained for boys. For girls, only significant associations with child’s age 
(r=0.50; p<0.01) and parents’ promotion of screen time (r=0.31; p=0.02) remained and 
a new significant association with parents’ encouragement of PA was identified (r=-0.22; 
p=0.01). Children’s total number of PACER laps by sex and age tertile can be seen in 
Figure 4.1 (a).  
For children’s CMSP score, bivariate associations revealed that children’s age 
(r=0.38; p<0.01), and parents’ promotion of screen time (r=0.24; p=0.04) and parents’ 
promotion of inactivity (r=-0.20; p=0.09) were significantly associated with total 
number of criteria met. In the stratified analysis, only child’s age (r=0.33; p=0.02) 
remained significantly associated with CMSP score for boys. Child’s age (r=0.42; p=0.01) 
and parents’ promotion of screen time (r=0.34; p=0.07) remained significant for girls. 
Children’s CSMP score by age can be seen in Figure 4.1 (b). A table of bivariate 
associations between outcome and independent variables can be found in the Table 4.2. 
Regression models in the full sample demonstrated that both child’s sex and age 
were significantly related to PACER laps, in addition to parents’ promotion of inactivity, 
parents’ promotion of screen time, and parents’ concern for their child’s safety.  
Individual level factors explained 20.1% of variance in PACER scores, while addition of 
higher-level variables explained 33.5% of total variability in the full sample. For boys and 
girls, 21.6% and 20.9% of PACER variance was explained by individual level factors, 
while addition of higher-level variables explained a total of 31.9% and 31.9% of variance, 
respectively. Table 4.3 displays all final PACER models. Although residuals from the 
PACER regression models approached normality, the presence of a small floor effect was 
detected. In sensitivity analysis, removal of the four most extreme PACER values to 
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restore normality (n=4; 100% boys) significantly reduced the effect of sex in the full 
sample, but confirmed all other associations in the full sample, for boys and for girls. 
Regression models in the full sample demonstrated that age and parental 
employment were significantly related to CMSP. Individual level factors explained 20.3% 
of CMSP variance, while including higher-level variables increased that to 28.7% in the 
full sample. For boys and girls, 20.8% and 23.2% of CMSP was explained at the 
individual level, while higher-level variables increased this to 26.7% and 44.3%, 
respectively. Table 4.4 displays all final CSMP models.  
There were no multi-collinearity issues between variables included in any of the 
final models p’s>.05 (Table 4.5 and 4.6). Individual parenting practice items from each 
subscale, that explained grater portions of variance in the final models, can be found in 
tables 4.7 and 4.8. 
Discussion 
Results revealed that individual level demographic factors, account for ~20% of 
the variance in preschool-aged children’s GLS, using both product- and process-based 
outcome measures. Addition of parent demographic variables, parenting practices, and 
PA resources explained an additional ~10-25% of variance. These results support the 
assertion that individual and family factors within children’s environmental are 
associated with preschool-aged children’s GLS beyond what is accounted for by their 
individual demographic characteristics. Previous studies found that family level 
correlates of process-based gross motor skills include parents’ PA levels, parents’ 
education and the availability of home PA resources, none of which were associated with 
GLS in this analysis (Barnett et al., 2013; Cools et al., 2011).  Although parents’ education 
was not associated with GLS in this analysis, parental employment was, suggesting that 
characteristics of a family’s socioeconomic position may be related to children’s GLS. 
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Both PA resources and parents’ PA levels were not associated with GLS in this analysis, 
but PA resources approached significance with product-based measures and several 
parenting practices were significantly associated with GLS. These findings provide 
continued support for the important role that parents play in children’s early 
development; although, more research is needed to determine the specific actions that 
parents can take to help develop children’s GLS. 
Studies that have used the PACER and CMSP tests in preschool-aged children 
have reported an average of 14-21 laps complete and 19.0 criteria met, respectively 
(Niederer et al., 2012; Williams et al., 2008). Results from the present study mirror 
those for the CMSP (19.0±5.5 criteria) but are well below those found for the PACER test 
(3.7±2.3 laps). Reasons for differences in the PACER test may be due to the age of 
preschool-aged children who participated in this study (53.2±4.5 months), who were 
almost a year younger than in the study by Niederer and colleagues. Additionally, 
Goodway and colleagues (2010) found that Hispanic children had lower motor 
competence than their non-Hispanic peers, and this study revealed that Hispanic boys 
and boys born in Mexico had worse GLS (~3 PACER laps and ~3 CMSP criteria) then 
their non-Hispanic and US born peers. Taken together, the young age and high 
proportion of Hispanic school-aged children in this sample may have accounted for the 
lower number of PACER laps completed. Hispanic preschool-aged children have been 
shown to participate in less MVPA and have higher BMIs than their non-Hispanic peers, 
which according to the developmental model, may be related to lower GLS (Skinner et 
al., 2018; Trost et al., 2013). Future studies should examine the relationship between 
these factors in Hispanic preschool-aged children. 
Regarding parenting practices, parents’ promotion of screen time (e.g., keeping 
the child occupied by letting them watch TV) and parents’ promotion of inactivity (e.g., 
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carrying the child when they could walk) were associated with higher GLS. Parental 
concern for their child’s safety (e.g., not letting the child play outside because of worries 
about strangers traffic or crime) was associated with lower GLS scores. The association 
between promotion of screen time and inactivity with GLS are in opposite direction of 
what is reported in the literature for the association between parenting practices and PA 
(Xu et al., 2015). The positive association found between screen time and GLS may be 
due to parents responding to children’s GLS (i.e., parents’ promoting more screen time 
for child who has better GLS because they view them as already very active), although 
this cannot be determined through this study’s cross-sectional design. Additionally, the 
positive association between promotion of inactivity (allowing their child to walk less) 
and GLS may be due to parents concern about not being able to control their child in 
public or in less safe situations (i.e., walking along the road).  Furthermore, the 
association between PA and parenting practices have been shown to be influenced by 
both child demographic variables and parents’ perceived environmental context; both of 
which could similarly be complicating the relationship with children’s GLS in this 
analysis (O’Connor et al., 2014). 
Strengths 
 This study assessed the relationship of individual and family level factors with 
GLS by child’s sex. Assessing factors by sex is important, as parents provide support for 
or discourage PA differently in boys than girls (Jago et al., 2011). This study’s findings 
extend current literature by demonstrating that parental behaviors also have differential 
associations with boys’ and girls’ GLS, suggesting that parents either parent differently 
or respond to GLS development differently for boys and girls. This study also assessed 
individual and family level factors related to GLS in a predominantly Hispanic 
population (78.3%). The Hispanic population is one of the fastest growing populations in 
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the United States, and cultural characteristics have been shown to be related to 
parenting practices around PA (Abascal et al., 2015; O’Connor et al., 2014).  Results from 
this study show that Hispanic children have lower GLS than their non-Hispanic peers, 
and that parenting practices play a role in these differences within a predominantly 
Hispanic population. Finally, this study included both process- and product-based 
measures when examining the relationship between GLS and individual and family level 
variables. Each type of measures produced different associations between GLS and 
individual and family level factors, supporting the need for inclusion of both types of 
measures within future studies. 
Limitations  
This study was cross-sectional; therefore, a causal relationship between parenting 
practices and GLS cannot be determined. Future longitudinal studies are needed to 
determine the direction of the association between parenting practices and children’s 
GLS. Children’s PA levels were not assessed in this analysis. PA and GLS are co-linear, 
and there is a possibility that the relationships between environmental factors and GLS 
could have been erased or accentuated if PA had been controlled for in this analysis. 
Although possible, when Barnett et al. included PA as a variable in their analysis, it was 
not significantly correlated to process-based GLS measures, suggesting that the 
relationships in this study would still exist, even with PA controlled for in the analysis 
(Barnett et al., 2013). Since initial protocol design, adaptions have been recommended 
for the PACER test, which include running with two research staff (one in front and one 
behind) and a reduction in the initial running speed from 8.5 km/h to 6.5 km/hour for 
very young children (Mora-Gonzalez et al., 2017). Result from the PACER test in this 
study demonstrated a small floor effect for very young children, which supports the 
slower initial running speed recommended by Mora-Gonzalez and colleagues (2017). 
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Conclusion 
Individual level demographic characteristics, parents’ demographic 
characteristics and children’s home environments may be important factors to consider 
for intervention researchers, teachers, and policy makers, who all play a significant role 
in the development of children’s GLS. ECEC teachers should be taught to recognize the 
individual ethnic and sex specific relationships that exist for GLS and provide activities 
and resources that are culturally and contextually appropriate. Parents should be made 
aware of how their behaviors are related to children’s GLS and guided to stimulate 
behaviors that promote positive developmental trajectories. Finally, policy makers 
should consider environmental differences that are related to GLS and strive to provide 
safe neighborhoods and equal opportunities for all children to participate in activities 
that promote positive development. 
Practical Implications 
Boys and older children have better gross locomotor skills than girls and younger 
children. ECEC teachers should write development plans that consider the home 
environment for children whose skills are lagging behind the age and sex specific norms. 
Process-based and product-based measurements of motor skills are not perfectly 
related and measurement of both may be required to accurately characterize motor skill 
development. 
Parent’s concern for their child’s safety was correlated to worse product-based 
motor outcome measures, suggesting that families who live in unsafe neighborhoods 
may have children with worse locomotor outcomes. 
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Table 4.1 Comparison of parent and child characteristics participating by child sex  
 Total Sample 
(n=144) 
Boys 
(n=73) 
Girls 
(n=71) 
p-value 
Parent Demographic     
Age, years* 31.7±7.7 32.4±8.0 31.0±7.5 0.29 
Female (%) 93.1 89.6 96.8 0.10 
Hispanic (%) 76.0 71.6 80.6 0.23 
Marital Status (%)    0.11 
 Married 42.7 45.3 40.4  
 Living like married, but not 20.0 11.3 28.1  
 Separated divorced or widowed 15.5 15.1 15.8  
 Single (never married) 21.8 28.3 15.8  
Education (%)    0.90 
 8th grade or less 13.6 13.2 14.0  
 Some high school 12.7 15.1 10.5  
 High school Degree or GED 33.6 35.8 31.6  
 Some college 27.3 24.5 29.8  
 Completed college or trade school 12.7 11.3 14.0  
Job Status (%)    0.18 
 Employed  50.0 43.1 56.1  
 Not Employed 50.0 56.9 43.9  
Income (%)    0.53 
 $0 to $20,000 37.9 41.7 34.5  
 $20,001 to $39,000 41.7 39.6 43.6  
 $39,001 to $59,000 12.6 14.6 10.9  
 $59,001 or more 7.8 4.2 10.9  
Acculturation+ 3.0±1.3 3.2±1.4 2.9±1.3 0.16 
      
Child Demographics     
Age, months* 53.2±4.5 53.6±4.2 52.8±4.7 0.33 
BMI percentile*  66.5±29.2 66.5±29.5 66.5±29.2 0.99 
Female (%) 49.3 - -  
Hispanic (%) 78.3 73.1 83.9 0.26 
 
     
Activity Variables     
PACER Laps* 3.7±2.3 4.4±2.5 3.0±1.9 <0.01 
CMSP Score* 19.0±5.5 19.6±5.6 18.1±5.2 0.19 
Number of Physical Activity Resources* 3.6±2.4 3.6±2.5 3.6±2.4 0.89 
Parent’s Physical Activity Level (%)    0.40 
 None 11.3 16.0 7.1  
 1-2x per week light 51.9 54.0 50.0  
 3x per week moderate 22.6 20.0 25.0  
 Daily moderate 8.5 4.0 12.5  
 3x per week vigorous 2.8 2.0 3.6  
 Daily vigorous 2.8 4.0 1.8  
Encouraging Parenting Practices*+ 3.4±0.7 3.4±0.7 3.4±0.7 0.76 
Discouraging Parenting Practices*+ 2.1±0.4 2.1±0.4 2.1±0.4 0.57 
 Promotion of Screen time*+# 2.4±0.7 2.4±0.8 2.3±0.6 0.32 
 Promotion of Inactivity*+# 1.8±0.6 1.9±0.7 1.8±0.6 0.17 
 Psychological Control*+# 1.6±0.6 1.6±0.6 1.6±0.5 0.97 
 Concern for Safety*+# 2.6±1.0 2.6±1.1 2.6±1.0 0.76 
*Mean and standard deviation 
+Score ranges from 1-5 
#Subscale of Discouraging Parenting Practices 
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ABSTRACT 
 
Purpose: To examine the association of early care and education center (ECEC) 
environmental characteristics with product-based and process-based gross locomotor 
skills (GLS) in predominantly Hispanic preschool-aged children. Design: Cross-
sectional. Methods: Outdoor play environment quality, outdoor play equipment total, 
indoor play environment quality, indoor play equipment total, screen time environment 
quality, and policy environment quality were determined through direct observation, 
teacher report, or director report. Questions were taken from the Nutrition and Physical 
Activity Self-Assessment for Child Care (NAPSACC) instruments or the Environment 
and Policy Assessment and Observation instrument. GLS were measured using the 
progressive aerobic cardiovascular endurance run (PACER) and the locomotor portion of 
the CHAMPS motor skills protocol (CMSP). Children (78.0% Hispanic; mean (SD) age 
53.26±4.48 months) completed the PACER (n=142) and CMPS (n=91). Results: Mean 
(SD) scores for the PACER and CSMP were 3.69±2.32 laps and 19.02±5.46 criteria, 
respectively and were moderately correlated (r=.46; p<.01) with each other. Children’s 
age (B=0.19; p<0.01), being a girl (B=-1.21; p=0.02) and policy environment quality 
(B=-0.17; p=0.01) were significantly associated with number of PACER laps completed. 
Children’s age (B=0.49; p<0.01), non-Hispanic ethnicity (B=1.90; p=0.03), outdoor play 
environment quality (B=0.18; p=0.03), outdoor play equipment total (B=0.32; p<0.01) 
and screen time environment quality (B=0.60; p=0.02) were significantly associated 
with CMSP score. Conclusions: An improved outdoor play environment, more outdoor 
play equipment and a screen time environment with less televisions and computers offer 
potential avenues to promote GLS within the ECEC environment. Trial Registration: 
ClinicalTrials.gov Identifier: NCT03261492 (date of registration 8/25/17) 
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Introduction 
Participation in physical activity (PA) is a positive preventive health behavior for 
multiple major chronic diseases including, obesity, cancer, diabetes, and cardiovascular 
disease (Physical Activity Advisory Committee, 2018). PA patterns begin to develop at 
birth and are influenced by young children’s environments, including the school 
environment, where children spend over half of their waking hours (McGurie et al., 
2012). Despite the fact that more preschool-aged children are attending early care and 
education centers (ECECs) each year, only 2-3% of children’s time at ECECs is spent 
participating in moderate-to-vigorous PA (Pate et al., 2008). Additionally, the ECEC is 
the place where children spend the most inactive time throughout their week (Cerin et 
al., 2016). Early participation in PA is important to the development of young children’s 
motor competence, which then reinforces lifelong patterns of PA as they age; thus, 
environments that promote PA and motor competence need critical evaluation 
(Robinson et al., 2015; Stodden et al., 2008).  
Studies that have examined the relationship between the ECEC environment and 
young children’s PA are numerous and support a relationship between better indoor and 
outdoor activity environments and better activity-related policies with increased PA 
participation (Dowda et al., 2009; Henderson et al., 2015; Tucker et al., 2017). PA has 
been shown to be consistently positively related to gross motor skills in preschool-aged 
children, and activities targeting gross locomotor skills (GLS), one of three domains 
(locomotor, object projection, and object deflection) of gross motor skills, account for a 
fifth of young children’s school day PA (Figueroa & An, 2017; Robinson et al., 2012). 
Taken together, this evidence suggests that the ECEC environment may also play a 
significant role in the development of preschool-aged children’s GLS. 
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To date, few studies have examined the relationship between the ECEC 
environment and preschool-aged children’s gross motor skills and none that have used 
both product- and process-based outcome measures. Product-based assessments 
evaluate the outcome of a movement and process-based assessments evaluate how a 
movement is preformed, but quantitative outcomes (i.e., how many running laps can be 
completed) may not always be related to the quality of the movement (e.g., a child’s 
running form), suggesting both types of assessments are needed for comprehensive 
assessment (Logan et al., 2017). 
One study that assessed the relationship between the ECEC environment and 
gross motor skills, using only process-based measures, found that smaller classroom 
size/child ratio, higher teacher education, larger playground size, less field trips per 
month and more electronic media use were all associated with children GLS (True et al., 
2017).  In other studies, that used process-based measures, children’s geographic region 
and type of preschools (public vs. public) were also shown to play a role in the 
development of gross motor skills (Chow et al., 2013; Goodway et al., 2010). Of note, 
studies on regional differences, found that southwestern Hispanic children had 
significantly worse GLS than their African American mid-west counterparts, but reasons 
for differences between regions were not explored. Additionally, no studies thus far have 
used product-based GLS measures, suggesting that a deeper investigation of the 
associations between GLS and the ECEC environment is needed. Thus, the purpose of 
this study was to examine the association between ECEC environmental characteristics 
with product-based and process-based GLS measures in predominantly Hispanic 
(78.0%) preschool-aged children.  
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Methods 
Participants 
Baseline motor competence measures were added for 16 early care and education 
centers (ECECs) who were participating in a garden-based, PA intervention throughout 
Phoenix, Arizona. ECEC and participant recruitment methods for the parent study have 
been published (Lee et al., 2019). ECEC eligibility criteria included 1) licensure through 
the state of Arizona, 2) participation in the Child and Adult Care Food Program or 
National School Lunch Program, and 3) being physically located in Hispanic/Latino 
serving area (census tract with >30% Hispanic/Latino population). One classroom per 
ECEC was chosen by the ECEC director to participate, based on children’s age (3-5-
years-old) and on the classroom teachers’ enthusiasm to receive a garden. One parent 
and one child per family were invited to participate in the study as long as both parent 
and child were willing to complete assessments.  Parents provided signed, written 
informed consent for themselves and their child in English or Spanish prior to 
participation and children verbally assented to participate in motor skill protocols. All 
protocols and procedures were approved by the Institutional Review Board at Arizona 
State University. 
Child Demographic Measurements 
Questions from the Behavioral Risk Factor Surveillance System survey were used 
to collect children’s date of birth, ethnicity and sex (Nelson et al., 2001). Age (months) 
was determined as the difference between date of birth reported on the survey and the 
date that the classroom assessments occurred. Children’s ethnicity was condensed into 
Hispanic and non-Hispanic classifications. Surveys were provided in English or Spanish, 
based on parents’ preferred language, and available to be filled out online or in paper 
format. 
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Height and Weight  
Two measurements of height and weight were taken for each child during a 
classroom visit. Height was measured to the nearest quarter inch using a portable Seca 
Stadiometer (model 213, Seca Corporation, Hamburg, Germany). Weight was measured 
to the nearest half pound using a Tanita body composition analyzer (model TBF-310, 
Tanita Corporation, Tokyo, Japan). All measurements were taken with shoes removed 
and pockets emptied. If measurements were more than one half pound or one quarter 
inch apart a third measurement was taken and the two closest measurements were 
averaged. Body mass index (BMI) percentile was calculated using the standard formula 
and CDC growth charts for children age 2- to 5- years-old (Kuczmarski et al., 2000). 
Environmental Assessments 
A three-part environmental assessment occurred at each ECEC to measure the 
quality of the ECEC related to outdoor play, physical activity and screen time. 
Assessments occurred using three methods: direct observation by research staff, self-
report by teachers, and self-report by directors. A research team member, using seven 
questions from the outdoor play environment Nutrition and Physical Activity Self-
Assessment for Child Care (NAPSACC), measured outdoor play environment quality 
(Ward et al., 2014). Questions were scored 0 (worst practice) to 3 (best practice). Scores 
were summed across questions to create an overall outdoor play environment score 
(possible range 0-21). 
One ECEC teacher per classroom self-reported on the outdoor play equipment 
total, indoor play equipment total, indoor play environment, and screen time 
environment. Indoor and outdoor play equipment total were determined using a 
checklist that included 11 pieces of fixed play equipment and 11 pieces of portable play 
equipment, combined from the PA environment NAPSACC and the Environment and 
  101 
Policy Assessment and Observation instrument (Ward et al., 2008; Ward et al., 2014). 
Teachers reported the presence or absence of each item and if the item was available 
inside, outside, or both. The total number of items available outdoors and indoors were 
summed to create an outdoor play equipment score (possible range 0-22) and an indoor 
play equipment score (possible range 0-22), respectively. Indoor play environment 
quality was determined using questions from the PA environment NAPSACC. One 
question scored the availability and quality of space for PA (scored 0-3) and three 
questions scored the availability of posters, books, and other learning materials that 
promote PA (each scored 0-3). Availability of posters, books, and other learning 
materials that promote PA were scored individually to improve sensitivity of the 
question, but were averaged together based on the NAPSACC scoring protocol. The 
average score for availability of posters, books, and other learning materials that 
promote PA was then added to the score for availability and quality of space for PA to get 
a final indoor play environment quality score (possible range 0-6). Finally, screen time 
environment quality (possible range 0-6) was determined using two questions from the 
screen time NAPSACC, which were also scored from 0 (worst practice) to 3 (best 
practice).  
An ECEC director self-report questionnaire was used to determine outdoor play, 
screen time and PA policy quality. Directors viewed three lists of policy components from 
the NAPSACC outdoor play (7 components), screen time (6 components), and PA (8 
components) self-assessments and recorded the presence or absence of each component 
in their ECEC’s policies. The total number of components present for each ECEC policy 
was scored 0 (worst practice) to 3 (best practice), based on the NAPSACC scoring 
protocol. Additionally, directors were asked to report the type of center they directed and 
responses were coded as either Head Start or child care center. Table 5.1 displays the 
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best and worst practices for each question used to create environmental assessment 
scores.  
Gross Locomotor Skills 
The 20-meter shuttle run and the CHAMPS Motor Skill Protocol (locomotor 
portion only) were used to measure children’s product- and process-based GLS, 
respectively. Despite the known reliability of the PACER test, it has not been validated as 
a measure of CVF in preschool-aged children; thus, it was used as a product-based 
measure of GLS in this study (Ortega et al., 2015). Testing occurred during a scheduled 
baseline visit to ECEC classrooms as part of the parent study. All testing occurred in a 
single day, the majority of which occurred during children’s recess period(s). Children 
completed the test in small groups of 2-3, after seeing a demonstration to familiarize 
them with the test. During the test, children ran back and forth 20-meters with an initial 
running speed of 8.5 km/hour and a progressive .5 km/hour increase in running speed 
every minute (Lerger et al., 1988). Children ran with one research team member to 
provide motivation, pacing and instructions. Children’s test was considered complete 
when they did not finish two laps in the required time or they indicated that they were 
too tired to continue. Children’s score was determined as the last lap successfully 
completed. 
A subgroup of children completed the CMSP as a process-based measure of GLS 
(Williams et al., 2008). Due to the amount of time required to administer the CMSP (~ 
5-10 minutes per child) children were randomly selected by the classroom teacher to 
participate and the number of children tested per classroom was determined by the 
available time that the teacher indicated testing could occur. As many children as 
possible were tested during the one-day visit. The CMSP has been shown to be reliable 
(R=0.88-0.97) and have strong concurrent validity with other tests of gross motor skills 
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(R=0.95-0.98) (Williams et al., 2008). The gross locomotor portion of the CMSP consists 
of six skills (run, broad jump, slide, gallop, leap, and hop) that are scored twice based on 
3-7 criteria for each skill. Each child saw two expert demonstration of the skills, one 
provided facing the child and one was provided in the direction that the child was asked 
to complete the skill, then we asked to complete each skill twice. A trained assessor 
checked-off each process-based characteristic (yes/no) that the child completed 
correctly. No feedback or additional demonstrations were provided. The two trials for 
each skill were averaged and a total process-based locomotor score was summed from 
the average of each skill (range 0-35). 
Statistical Analysis 
A design effect (DEFF) was calculated to determine the strength of clustering 
between schools. Although there were low levels of clustering for both PACER laps 
(ICC=0.04; DEFF= 1.44) and CMSP score (ICC<0.01; DEFF=1.11), due to several 
independent variables being measured at the ECEC level, a complex samples approach 
without replacement was used to control for potential clustering effects. Each case was 
weighted as one unit. 
Descriptive characteristics were determined with means, standard deviations and 
percentages. Independent t-tests and chi-square tests were used to assess demographic 
differences by the test completed (CMSP vs. PACER only). Unadjusted general liner 
models were conducted to determine the association between each environmental 
measure and each GLS outcome. Forward selection stepwise linear regression models 
were used to determine important ECEC environmental characteristics related to each 
GLS measure (PACER or CSMP). Independent variables were entered into models in up 
to three blocks. Block one included individual demographic variables (child’s age, sex, 
BMI percentile and ethnicity). Block two included ECEC center type. Block three 
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included the six environmental characteristics. Models were evaluated after each block 
and non-significant variables were removed one by one at each stage based on the 
highest p-value (p<0.20). Due to the exploratory nature of this study, p<.10 was 
considered significant in the final model. All analyses were completed using SPSS 
version 24. 
Results 
Across 16 ECEC, 144 children participated in the GLS measures, including 144 
who completed the PACER test and 91 who completed the CMSP test. Two children 
completed the CMSP but refused to participate in the PACER test. A higher proportion of 
boys (59.3%; n=54) completed the CMSP than girls (40.7%; n=37), due to one ECEC 
with majority girls (87.5%) opting not to participate in the CMSP (χ2 =7.40; p=.01). No 
other demographic differences existed between those who completed the CSMP (n=91) 
and those who did not (n=53; ps>.05). Overall, children completed a mean±SD 
3.69±2.32 PACER laps and met 19.02±5.46 CMSP criterion. PACER and CMSP scores 
were moderately correlated (r=.46; p<.01). A descriptive summary of the participants 
who completed each test can be found in Table 5.2. 
Unadjusted general linear models between each environmental characteristic and 
GLS outcome revealed that indoor play equipment total (B=0.21; p=0.06) was 
significantly associated with number of PACER laps completed. Policy environment (B=-
0.18; p=0.03) was negatively associated with number of PACER laps completed. No 
ECEC environmental characteristics were associated with CMSP score in unadjusted 
bivariate models. A table of all unadjusted bivariate associations can be found in Table 
5.3 
A forward selection stepwise linear regression model revealed that children’s age 
and sex were associated with PACER score at the individual level and that policy 
  105 
environment quality was associated at the ECEC level. Individual level characteristics 
explained 21% of variance and addition of ECEC environmental characteristics increased 
this to 28%. Final models for the association of PACER score with individual level 
variables and ECEC environmental characteristics can be found in Table 5.4. In an effort 
to determine which policy was the most strongly related to GLS, individual policy scores 
(outdoor play, screen time, and physical activity) were substituted for the ECEC policy 
quality in the final model (Table 5.5). 
A forward selection stepwise linear regression model revealed that at the 
individual level, children’s age and ethnicity were associated with CMSP score. ECEC 
environmental factors associated with CMSP score included outdoor play environment 
quality, outdoor play equipment total, and screen time environment quality. Individual 
level characteristics explained 18% of variance and addition of ECEC environmental 
characteristics increased this to 23%. Final models for the association of CMSP score 
with individual level variables and ECEC environmental characteristics can be found in 
Table 5.6.  
Distribution of PACER scores approached normality, but the presence of a small 
floor effect was present. In sensitivity analysis, removal of the four most extreme PACER 
values (n=4; 100% boys) restored normality, but did not significantly affect final models. 
Additionally, independent variables included in the final models were statistically 
correlated to one another (Tables 5.7 and 5.8), but correlations were low to moderate 
and were no longer significant when each ECEC was represented as one observation 
(Table 5.9), which suggests low levels of multi-collinearity in the final models. 
Discussion  
Results from this study support a relationship between the ECEC environment 
and preschool-aged children’s GLS. Prior studies have shown that the size of the outdoor 
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play area and playground size/child ratio were associated with better gross motor skills 
(Chow et al., 2013; True et al., 2017). This study adds to these findings by demonstrating 
that a higher quality outdoor play environment and more outdoor PA equipment are also 
associated with higher process-based GLS. Based on these findings, future studies should 
examine the size, resources available (e.g., types of fixed and portable play equipment), 
and quality (e.g., shade, number of play areas, bike path quality) of an outdoor play 
environment, in order to determine the relationship of an ECEC’s outdoor play 
environment with preschool-aged children’s GLS. 
To our knowledge this was the first study to assess the ECEC policy environment 
in relationship to GLS. Previously, research has found both positive and negative 
associations between ECEC policy quality and children’s participation in PA (Dowda et 
al., 2009; Erinosho et al., 2016). Findings from this study support the negative 
association between PA and PA policy quality reported by Erinosho and colleagues 
(2016), as higher policy quality was related to lower GLS in this sample. Of the three 
policies examined in this study (screen time, outdoor play, and PA), a higher quality PA 
policy had the strongest negative associations with preschool-aged children’s GLS. One 
reason for these findings may be due to the criteria which make up PA policy quality 
(e.g., amount of time, types of clothes worn, not taking away PA as punishment), none of 
which promote skill development, but instead promote opportunities to be active.  
Although policies that create more opportunities for children to be active are important, 
more detailed polices that promote engagement in GLS activities (e.g., running, jumping, 
skipping) may be needed to facilitate development of GLS in preschool-aged children. 
Additionally, Erinosho and colleagues (2016) cited teacher implementation and 
enforcement of policies as potential reasons that policies were not translated into 
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practice in their study, these factors could also be contributing the negative associations 
between policy quality and GLS found in this study. 
Finally, this study found a positive association between a better screen time 
environment (i.e., less televisions and computers) and higher GLS. These findings 
conflict with True and colleagues (2017) study, which found that that more electronic 
media usage was associated with higher GLS in preschool-aged children. Current 
literature and best practice guidelines for improving PA within ECECs, suggest that more 
screen time is associated with less participation in PA and thus, based on the 
developmental model, would be associated with lower GLS scores (Stodden et al., 2008; 
Ward et al., 2014). Additionally, True and colleagues (2017) warned that their positive 
association between electronic media usage and GLS may be confounded by 
socioeconomic status (e.g., higher income children attending ECECs with more access to 
electronic media usage). This study attempted to include center type as a proxy measure 
of socioeconomic status this study, but it was not significant factor in the final results. 
Additionally, when individual policies were substituted for policy quality in the final 
model, a higher quality screen time policy trended towards a positive association with 
higher GLS scores, suggesting that both ECEC policy and environment may contribute to 
children’s GLS. More studies, specifically designed to examine multiple aspects of the 
relationship between screen time (i.e., environment, policy, usage) and GLS, should be 
conducted to determine the direction and strength of this association. 
Strengths 
Overall, CMSP scores in this study were similar to previous studies that have 
used the CMSP to measure process-based GLS in preschool-aged children, suggesting 
that the CMSP is a GLS measure that can be used reliably across research teams (True et 
al., 2017; Williams et al., 2008). A previous study found that Hispanic preschool-aged 
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children have lower GLS then their non-Hispanic peers (Goodway et al., 2010). Analyses 
from this study, conducted in a primarily Hispanic sample (78.0%), support that finding. 
In addition to having lower GLS scores, Hispanic preschool-aged children have also been 
shown to participate in less MVPA, and have high BMIs then their non-Hispanic peers 
(Trost et al., 2013; Skinner et al., 2018). Taken together, this evidence suggest that more 
studies should be conducted to examine reasons for developmental differences between 
Hispanic and non-Hispanic preschool-aged children. 
This study also adds to the literature, by being one of the first to use both 
product- and process-based GLS measures to examine the association between GLS and 
the ECEC environment in preschool-aged children. Results from this study uncovered 
that GLS and ECEC environmental associations vary by the type of measure used, 
supporting assertions by Logan and colleagues (2017) that both product- and process-
based assessments are needed to comprehensively assess human movement. 
Additionally, this study used the NAPSACC self-assessments to examine the quality of 
the ECEC environment (Ward et al., 2014). The NAPSACC is a tool designed for 
practitioners to assess the quality of their own ECEC. By using a tool that is both freely 
available (https://gonapsacc.org/self-assessment-materials) and easy to administer, 
ECEC teachers and directors can determine the quality of their ECEC in relationship to 
this sample.  
Limitations 
This study it not without limitations. First, distribution of PACER test scores 
demonstrated a small floor effect, suggesting that the measure was not a sensitive 
enough to capture the full range of product-based outcomes. Recent adaptions have been 
suggested for the PACER test to remedy this limitation. Mora-Gonzalez and colleagues 
(2017) recommend that children run with two research staff (one in front and one 
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behind), as opposed to one, and that initial running speed be reduced from 8.5 km/h to 
6.5 km/hour for very young children (Mora-Gonzalez et al., 2017). These adaptations 
would likely have improved the sensitivity of the PACER test in this study and should be 
used in future studies that use the PACER test within preschool-aged populations.  
Second, teachers and directors self-reported on several of the ECEC environmental 
variables in this study, prior to participation in a PA intervention. Use of self-report 
measures could have led to social desirability bias to report environments that were 
more conducive to PA. Despite this fact, the use of a crossover design allowed for all 
schools to receive the intervention; thus, social desirability would have been equally 
captured across all ECECs. Finally, PA was not included in this analysis. PA and motor 
skills are correlated, which suggests that inclusion of PA in this analysis could have 
modified or erased the associations found in this study. Future studies that examine the 
association between the ECEC environment and GLS should include a measure of PA in 
their analysis. 
Conclusion 
Individual level factors include age, sex, and ethnicity explain a significant 
portion of preschool-aged children’s GLS, but GLS are also related to children’s ECEC 
environment.  From an ECEC standpoint, a higher quality outdoor play environment and 
more types of outdoor play equipment are related to higher GLS scores in preschool-
aged children. Additionally, limiting the amount of computers or televisions in the 
classroom is also related to higher GLS scores. By modifying the ECEC environment to 
reflect these best practice guidelines, ECEC teachers and directors may be able to 
promote positive GLS development in preschool-aged children attending their center. 
Additionally, researchers should also consider an ECECs outdoor play environment and 
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the screen time environment as possible intervention avenues to promote GLS 
development in young children. 
Practical Implications 
ECEC teachers may be able to support preschool-aged children’s GLS 
development, by ensuring their classrooms have many types of outdoor play equipment 
and by limiting televisions and computers in the classroom. 
ECEC directors may be able to support preschool-aged children GLS 
development, by ensuring their center has quality outdoor facilities (i.e., space, shade, 
tricycle track, garden, and multiple play areas) where children can play.  
Parents interested in their preschool-aged child’s GLS development, should ask 
about the amount of time child spend outdoors each day and about the types of outdoor 
play equipment available for their child to use when selecting an ECEC for their child to 
attend. 
Declarations  
Ethical approval: The research was approved by the institutional review board at 
Arizona State University. 
Availability of data and materials: The datasets analyzed during the current study 
are available from the corresponding author on reasonable request. 
Funding: This research was supported by the National Institutes of Health 
through the National Institutes on Minority Health and Health Disparities cooperative 
agreement 5U01MD010667-03 awarded to Dr. Rebecca E. Lee, the National Institute of 
Nursing Research grant 1F31NR017560-01 and Jonas Scholar Nurse Leader 2016-2018 
Cohort awarded to Elizabeth Lorenzo, and the Arizona State University Graduate College 
Completion Fellowship awarded to Jacob Szeszulski. 
  111 
Author Contributions: JS conceptualized the analysis, analyzed and interpreted 
the results, drafted the manuscript and is accountable for all aspects of the content in 
this manuscript. EL was a major contributor to the revision of manuscript and approved 
the final version of this manuscript. MT, TO, JH, GQS, MPB, SVL, SPH, and REL 
provided guidance on the conceptualization of this analysis, were major contributors to 
the revision of manuscript and approved the final version of this manuscript. REL also 
obtained funding for this project. 
Acknowledgements: Authors would like to acknowledge Timothy Debaise for his 
help with data collection, Anel Arriola as project manager, and all of the other students, 
community advisory board members, and early care and educations center teachers and 
directors who have contributed to the success of the Sustainability via Active Garden 
Education project. 
 
 
  112 
 
 
 
 
 
 
 
 
  113 
 
 
 
 
 
 
 
 
 
 
 
  114 
Table 5.2 Descriptive Characteristics of Participants by GLS Test 
  PACER CSMP 
Child Demographics   
 Age, months* 53.26±4.48 53.14±4.44 
 BMI percentile*  66.38±29.43 66.39±28.46 
 Female (%) 49.3 40.7 
 Hispanic (%) 78.0 69.2 
     
Activity Variables*   
 PACER Laps 3.69±2.32 - 
 CMSP Score - 19.02±5.46 
*Mean and Standard Deviation 
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CHAPTER 6 
DISCUSSION 
Results in Context 
In chapter I, a model that embedded children’s developmental processes (i.e., PA, 
weight, CVF, perceived motor competence, and motor competence) in children’s critical 
environmental contexts (e.g., home, school, neighborhood) was proposed (Figure 1.1.). In 
chapter II, current evidence that supports the formation of this model was summarized 
(Robinson et al., 2015; Spence & Lee, 2003; Stodden et al., 2008). Chapters III, IV and V 
build upon the current evidence by testing pathways within the model through three 
separate investigations. This chapter will discuss the results from chapters III, IV and V, 
in the context of the synthesized model, and provide future research directions to 
continue to expand upon it. 
In chapter III, a relationship was found between the total number of 
environments (microsystems) included within an intervention and the effectiveness of 
that school-based, PA interventions for improving CVF. In chapter IV, there were 
significant associations between the family microsystem and preschool-aged children 
GLS. In chapter V, there were significant associations between the ECEC microsystem 
and preschool-aged children’s GLS. In all three chapters, children’s environments played 
a role in their developmental outcomes beyond what individual level factors accounted 
for alone. 
Taken together, this body of evidence supports the use of an ecological 
framework to examine environments that influence preschool-aged children’s 
developmental pathways (PA, CVF, motor competence, and perceived motor 
competence). Furthermore, the use of the EMPA as the guiding ecological framework has 
value (Spence & Lee, 2003). Chapter II’s literature review showed that individual 
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characteristics, the home microsystem, the ECEC microsystem and the neighborhood 
microsystem were related to preschool-aged children’s PA (Cerin et al., 2016; Pate et al., 
2008; Xu et al., 2015). Additionally, growing evidence suggests that multi-level 
interventions are important for creating stronger PA intervention effects than 
interventions focused on a single microsystem (Mehtälä et al., 2014). The EMPA 
supports this finding through its hypothesized transfer linkages (Spence & Lee, 2003). 
Results from this dissertation provide support for the hypothesized transfer linkages in 
the EMPA by showing that interactions between microsystem environments 
(mesosystem level) can have synergistic effects on the PA-related health outcome of CVF, 
which has important implications for children’s development. 
 Stodden and colleagues’ (2008) developmental model, the second half of this 
dissertation’s proposed model, hypothesizes that CVF is a marker of health that tracks 
from childhood into adulthood and is related to a positive developmental trajectory. 
Development of CVF and motor skills at a young age allows children to overcome 
Seefeldt's hypothetical proficiency barrier (Stodden et al., 2013). When the profiency 
barrier is overcome, health-behavior tracking occurs and children continue to participate 
in PA as they age (Stodden et al., 2008; Stodden et al., 2013). Previous research has 
shown that children who engage in more PA have higher motor competence and higher 
CVF, also have better developmental outcomes (PA, CVF, and motor competence) when 
they are older (Malina, 2001; Stodden et al., 2013). Additionally, higher CVF and PA in 
adulthood are related to reduced diabetes, cancer and cardiovascular disease risk (Myers 
et al., 2015; PAG 2018; Schmid & Leitzmann, 2014). In chapters IV and V, results 
provide support for a potential pathway between several microsystems (home and 
ECEC) and CVF through improved motor competence, specifically gross locomotor 
competence. Through the process of embedding Stodden and colleagues’ developmental 
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model into the EMPA, this dissertation has laid out a framework for identifying 
connections between early childhood environments and important middle childhood, 
late childhood, and adult health outcomes.  
Although a model specified for examining the influence of the environment on 
motor competence does not exist, the use of the EMPA provided substantial guidance in 
the identification of these relationships (Spence & Lee, 2003). Results from this 
dissertation revealed that aspects of the home and ECEC microsystems are associated 
with preschool-aged children’s GLS, which is supported by the work of others who have 
previously examined these associations without ecological models (Barnett et al., 2013; 
Chow et al., 2013; Cools et al., 2013; True et al., 2013). Although the body of work 
presented in this dissertation is in alignment with current literature and current 
ecological models, more longitudinal studies are needed to confirm the strength of these 
findings. Additionally, there is evidence for a longitudinal relationship between 
increased motor competence and improved PA, which would allow multiple pathways to 
improve CVF in preschool-aged children. CVF could be improved directly, through 
improved motor competence, and indirectly through increased PA (Lima et al., 2017). 
Future studies that aim to influence CVF in preschool-aged children should design 
interventions around both motor competence and PA pathways and examine the role of 
the environment in influencing these relationships. Only by identifying developmental 
relationships within an environmental context will future researchers be able to leverage 
preschool-aged children’s environments in the most efficient way to create long-term 
health benefits. 
 Implications for Practice 
In chapter III of this dissertation, effective intervention strategies for improving 
developmental outcomes (PA, CVF, and GLS) within multiple microsystems were 
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identified. In the home microsystem, this included engaging the family through 
newsletters, discussions, orientation sessions, webinars, and homework. In the ECEC 
microsystem, strategies included training and incorporation of teachers into intervention 
delivery and installing play equipment into classrooms and play areas. Within the 
neighborhood microsystem, improvement of neighborhood play equipment, and 
neighborhood events for families were important components. At the policy level, new 
center-level play policies, improved curricula, and curricular monitoring showed 
promise. Although many strategies were identified for improving CVF throughout 
chapter III, the reporting of informational content included in these strategies was 
minimal. Results from chapters IV and V can be used to supply this content. 
In chapter IV, parents’ concern for their child’s safety was one home microsystem 
characteristic that was found to be associated with lower GLS in children. Additionally, 
results show that children with higher GLS have parents who promote more inactivity 
and screen time, which could slow children’s future GLS development. The newsletters, 
discussions, webinars, orientation sessions, and homework identified in chapter III 
could be used as distribution channels for ECECs to provide parents critical information 
related to these findings; thus creating more effective mesosystem connections. For 
example, newsletters could provide inexpensive, local and safe places where parents 
could take their child to be physically active, connecting the home environment with the 
neighborhood environment. Discussions and webinars could be used to create a dialogue 
about how parents potentially reduce their children’s GLS through promotion of 
inactivity or screen time. Additionally, strategies to safely redirect highly active 
children’s behaviors that also enhance motor skill development could be provided. 
Intervention orientations sessions, occurring in ECECs, could discuss safe parenting and 
provide opportunities to teach parents games to engage in with their children, all of 
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which connect the home and ECEC environment. By combining the strategies across 
microsystems (mesosystem level) and by delivering content related to development that 
was identified throughout this dissertation, effective policies, practices and interventions 
could be created that positively influence children’s developmental pathway. 
In chapter V, it was found that more types of outdoor play equipment within an 
ECEC microsystem and a higher quality outdoor play equipment are were associated 
with higher GLS in preschool-aged children. A screen time environment that contains 
less access to televisions and computers was also related to higher GLS. Based on the 
strategies identified in chapter III, exosystem connections could be used to link these 
strategies. For example, the importance of these ECEC environmental characteristics 
could be taught to ECEC teachers, through off-site professional development seminars 
that focus on promoting positive developmental trajectories in preschool-aged children. 
By teaching ECEC teachers about the physical characteristics of their ECEC that can be 
leveraged to promote children’s development, teachers can make the best use of the 
resources currently available to them. Additionally, results from this dissertation can 
also help ECEC directors to identify the most valuable PA resources to purchase in the 
future. 
Throughout all three studies of this dissertation, the presence of more PA 
resources was consistently related to improved PA, CVF, and GLS in preschool-aged 
children. ECEC directors, who approve purchasing decisions, and ECEC teachers who 
complete needs assessments, should take inventory of the PA resources within their 
center’s microsystem. Inventories can then be compared to the best practices described 
in the NAPSACC self-assessments, which would help to determine if more PA resources 
are needed and which types of resources are the most important to obtain (Ward et al., 
2014). In addition to PA resources, a physically active curriculum was identified in 
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chapter III as an important factor related to children’s development. ECEC teachers and 
directors, who make curricular decisions each year, can use the results of this 
dissertation to guide those decisions. For example, chapter V identified characteristics of 
the outdoor environment (more play equipment and better environmental quality) and 
indoor environment (no televisions and computers) as related to higher GLS in 
preschool-aged children. Curricula that ensure adequate outdoor playtime and promote 
positive screen time practices can be adopted by ECEC directors and used by ECEC 
teachers to help consistently promote positive developmental trajectories. 
Overall, the three manuscripts included in this discussion supply a roadmap for 
navigating various microsystems that have the potential to positively influence the 
development of preschool-aged children. Additionally, they provide some guidance on 
ways to connect multiple microsystem to create stronger mesosystem and exosystem 
level connections. Although each of the three studies show the need for assessment and 
interventions occurring at all levels of the ecological model, the ECEC setting has 
consistently been shown to be a focal point for influencing the developmental pathway. 
Millions of preschool-aged children each year spend a significant portion of their time at 
ECECs; thus, researchers should continue to examine potential pathways to leverage this 
critical environment to improve the health of young children. 
Implications for Policy 
 In addition to recommended changes in the ECEC environment, based on the 
EMPA the results of this dissertation also have important higher-level policy 
implications. The EMPA posits that changes in policy influence children’s microsystems 
and subsequently their developmental outcomes (Spence & Lee, 2003). In chapter III, 
ECEC curriculums that incorporated more outdoor play and curriculum monitoring were 
found to have positive effects on preschool-aged children’s CVF. In chapter IV, children 
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born in Mexico had lower GLS than children born in the US; and in chapter V, ECEC 
policy quality was related to higher GLS. Each of these findings could be influenced by 
future policies and thus offer the potential to alter children’s developmental trajectories. 
 At the national level, current guidelines recommend, “preschool-aged children 
should be physically active throughout the day to enhance growth and development and 
that caregivers of preschool-aged children should encourage active play that includes a 
variety of activity types” (Physical Activity Guidelines, 2018). These guidelines are 
significantly improved from the 2008 guidelines, which combined preschool-aged 
children’s recommendations with older children and adolescents and suggested that 
children should get 60 minutes of PA per day, including muscle and bone strengthening 
exercises (Physical Activity Guidelines, 2008). Results from this dissertation emphasize 
the importance of caretakers both within the home and within the ECEC as important 
influencers of preschool-aged children’s development, providing further evidence to 
support the new PA guidelines. In addition, the new PA guidelines stress the importance 
of growth and development, which highlights both the importance of PA and motor 
competence. Although the new PA guidelines (2018) are substantially better than 
previous guidelines (2008), this dissertation found outdoor play is particularly 
important for development of GLS. Additionally, it provides some evidence that families 
who live in unsafe outdoor areas may be preventing children’s GLS development through 
their parenting practices. Although more evidence is needed to confirm these findings, in 
addition to utilizing recommendations made by the current PA guidelines, future policies 
should consider emphasizing the importance of outdoor play for young children. 
 At the local level, each state sets licensing requirements for ECECs and each 
center adopts assessments to track the developmental and academic progress of 
preschool-aged children. Although some assessments already track developmental 
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outcomes (e.g., NAEYC, teaching strategies GOLD®), this dissertation provides evidence 
that Mexican born or Hispanic preschool-aged children score lower on tests of GLS than 
their United States born and non-Hispanic counterparts, suggesting that current 
standards may not be ideally designed for children from these families (Chandler et al., 
2012; Lambert et al., 2015). Hispanic families have been shown to have family dynamics 
that influence the relationship between the home environment and PA outcomes 
(O’Connor et al., 2013). This dissertation adds to that work by showing that the Hispanic 
culture may also be related to GLS development through the home and ECEC 
microsystems. State licensing bodies and companies that develop testing assessments 
should be made aware of differences that exist in GLS by ethnicity, and polices should be 
put into place that help to adapt or create new culturally competent GLS assessments 
suited for use in both Hispanic and non-Hispanic preschool-aged children. 
 At the ECEC level, chapter III revealed curricular monitoring to be a useful 
strategy for improving developmental outcomes; thus, ECEC directors should implement 
policies that stress curricular monitoring. This dissertation also found that ECEC screen 
time polices (e.g., limiting screen time) were positively related to GLS scores and that 
ECEC PA policies (e.g., promoting opportunities to be active) were inversely related to 
GLS. Although creation of policies at the ECEC level are important, polices that are 
poorly monitored are often not enforced, highlighting the connection between policy and 
the ECEC microsystem. Based on evidence from this dissertation, more ECEC policies 
that focus on motor competence are needed and systems to monitor and enforce current 
polices should be created.  
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Strengths and Limitations 
Importance of the ECEC in Multi-level Interventions 
 Across all three investigations and in the literature, the role of the ECEC 
microsystem in influencing the development of preschool-aged children’s health has 
consistently been emphasized (Lessard et al., 2018). As previously stated, over 12 million 
children are currently enrolled in ECECs across the United States and children spend on 
average 24.8 hours per week at their ECECs (Iruka et al., 2006; Shape America, 2015). 
No other microsystem within children’s environments offers the same potential to affect 
so many young children in such a coordinated, systematic way. Although school-based 
interventions have long been a focal point for researchers attempting to influence 
children’s health, there are a many barriers and facilitators for implementing 
interventions within school systems, including ECECs (Naylor et al., 2015). The body of 
work included in this dissertation, has identifying several barriers for researchers 
wishing to work within ECECs. 
 In chapter III’s meta-analysis, all eight studies that contributed an effect size 
described their intervention as effective, but three of the studies’ effect sizes were no 
longer significant once a clustering effect was controlled for. Additionally, statistical 
control for clustering within school-based interventions is lacking throughout the 
literature (Harris et al., 2009; Kropski et al., 2008). Clustering is described as 
participants of one group being more like one another then participants of another group 
and always has the possibility of being present in school-based interventions. Children in 
one classroom are more alike than children from another classroom, and children in one 
school district are more alike than children in another school district. Although the 
assessment of clustering has become more common over the years, many intervention 
studies still do not control for clustering and very few cross-sectional studies even 
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examine it. In chapters IV and V, a cross-sectional analysis was carried out following an 
examination of clustering. Chapter IV’s analyses did not require statistical control for 
clustering, but an ICC was still reported. In chapter V a complex samples approach was 
used to control for clustering. At minimum, all future school-based examinations should 
report the level of clustering for study outcomes, regardless of study design used. 
In addition to clustering within the ECEC microsystem, a multi-level analysis that 
includes multiple microsystems, mesosystems, exosystems, and macrosystems presents 
additional barriers when conducting school-based studies. Throughout the literature, 
multi-level approaches are commonly used in interventions that aim to influence 
children’s PA behavior (Mehtälä et al., 2014), but are less common in interventions for 
motor competence (Veldman et al., 2016). Use of multi-level models can be a research 
barrier for many reasons, including the statistical expertise and the large sample sizes 
(schools and participants) required for these types of models. Additionally, multi-level 
statistical models must also control for clustering within schools, school districts and 
potentially neighborhoods, and should be able to measure predictors occurring at each of 
these levels. Chapter III identified several studies that intervened on multiple-levels, but 
predictors were generally measured in the context of the individual only. In one example 
by Zhou and colleagues (2014), interventions components targeted schools, families, and 
neighborhoods, but individual CVF outcomes were the only outcome reported. 
Additionally, the Zhou and colleagues (2014) intervention was implemented as a package 
and no attempt was made to discern which components of that package were responsible 
for creating intervention effects. Similarly, in chapters IV and V, individual microsystems 
associated with GLS were examined, but sample size limitations, clustering 
complications, measurements occurring at multiple levels, and potential moderation 
effects were barriers to examining the possible microsystem interactions between the 
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family and ECEC environments. A further limitation that prevented the use of multi-
level models in this dissertation was the time and effort required to recruit participants 
and assess environments within each microsystem. Due to the study population being 
hard to reach and difficulties with retention, participant burden had to be minimized, 
which limited the amount of data that could be collected within each of the various 
microsystems. 
Overall, multi-level interventions are an important next step for influencing 
preschool-aged children’s developmental pathway, but the barriers that prevent research 
from occurring at multiple levels are substantial. Previous research has already shown 
that the ECEC microsystem accounts for a significant variance beyond the individual 
level (Pate et la., 2004; Pate et al., 2008). This dissertation adds to that by showing that 
both the home and ECEC environment account for significant GLS variance beyond what 
is account for by demographic characteristics. Similar to the studies found in chapter III, 
anchoring a multi-level intervention at the ECEC level, with interventions components 
occurring at other levels, may be the most effective way to create and test multi-level 
interventions in preschool-aged populations. Future studies should continue to use this 
process, but substantial improvements are needed in the development, assessment, and 
reporting of multi-level studies. 
Research on Hispanic Preschool-aged Children 
 Although not the aim of this dissertation, one common theme that emerged was 
the importance of ethnicity as it relates to the developmental pathway. Hispanic 
preschool-aged children have been shown to have worse GLS, participate in less MVPA, 
and have high BMIs then their non-Hispanic peers (Goodway et al., 2010; Trost et al., 
2013; Skinner et al., 2018). In the context of the developmental pathways, this evidence 
suggest that Hispanic preschool-aged children may also have lower CVF, lower perceived 
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motor competence and are more likely to engage in worse health habits as they age 
(Stodden et al., 2008). Evidence from this dissertation provided some preliminary 
support for that hypothesis. 
 In chapters IV and V, associations between GLS and the home or ECEC 
environments was assessed within a group (n=144) of predominantly (~78.0) Hispanic 
preschool-aged children. In chapter IV, it was found that children who were born in 
Mexico scored one laps worse on the PACER test and one and a half criteria lower on the 
CMSP test than children born in the US. Additionally, boys born in Mexico scored almost 
three laps lower on the PACER test than their US born peers, and Hispanic boys scored 
three points lower on the CSMP than their non-Hispanic counterparts. In chapter V, 
Hispanic children scored two points lower on the CMSP than their non-Hispanic peers in 
final models, but there were no associations between ethnicity and PACER scores. Of 
added note, stratified analyses did not find any associations between birth country or 
ethnicity and GLS for girls. Although findings vary slightly across studies, when Hispanic 
children’s environments are assessed in conjunction with their ethnicity, results show 
that Hispanic preschool-aged children may have lower GLS that their peers. 
 Results from this dissertation found that Hispanic and foreign-born children had 
worse GLS than non-Hispanic and US born children, but these differences are not well 
understood. Only one study in chapter II found that ethnicity was related to gross motor 
skills development in preschool-aged children, but this study did not examine reasons 
for these differences (Goodway et al., 2010). No other studies prior to this dissertation 
have reported on the relationship between ethnicity and GLS in preschool-aged 
populations. Similar to the findings of Goodway and colleagues (2010), this dissertation 
found GLS differences by ethnicity, but due to the large proportion of Hispanic children 
in this study, reasons for ethnic difference were difficult to explore. Current models 
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related to motor skill development do not discuss the role of ethnicity and few ECEC-
based interventions to improve PA or motor competence exist for Hispanic preschool-
aged populations (Alhassan et al., 2018; Clark & Metcalfe, 2002; Robinson et al., 2015; 
Seefeldt et al., 1980; Stodden et al., 2008). More research is needed to determine the 
extent to which ethnicity and birth country play a role in the developmental pathways. If 
in fact Hispanic preschool-aged children do have worse GLS than their non-Hispanic 
peers, more cultural specified interventions may be needed to influence developmental 
outcomes. 
Overall, this dissertation adds several importance pieces of evidence supporting 
developmental differences between Hispanic and non-Hispanic preschool-aged children, 
including potential environmental differences. The EMPA suggest that these differences 
may occur within microsystems, but could also be influenced by regional differences 
cultural macrosystems and regional policies (Mexico vs. United States). The Hispanic 
population is one of the fastest growing populations in the United States, and Hispanic 
families have different cultural and family dynamics that may affect children’s 
participation in PA (Abascal et al., 2015; O’Connor et al., 2013). Results from this 
dissertation suggest that Hispanic family’s dynamics may also affect children’s GLS, but 
further research is needed determine the specific environmental characteristics that 
affect children’s GLS and if this dissertations findings are consistent across other studies.  
Measurement Issues in Preschool-aged Children 
Another common theme, which emerged across all three studies included in this 
dissertation, was a concern about measurement issues. Preschool-aged children have 
unique characteristics (developing physiology, limited vocabulary, and short attention 
spans) that make measurement of constructs within their developmental pathways 
challenging (Oliver et al., 2007). Related to CVF, no studies have validated field-based 
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tests of CVF, and few field-based tests are considered reliable enough for use in 
preschool-aged populations (Ortega et al., 2015). Related to PA, parents from the SAGE 
parent study expressed concerns about keeping accelerometers on their child (Lee et al., 
2019).  Additionally, the dramatic reduction in sample size found when attempting to 
include PA in this dissertation’s analysis prevented use of this data. Related to motor 
skills, current testing batteries emphasize product- or process-based tests, not both, and 
current measurement protocol attempt to measure all gross motor skill domains, as 
opposed to domain specific outcomes (gross locomotor, object projection, object 
deflection). Additionally, product- and process-based motor assessments are not 
perfectly correlated (r=0.46 in this study), and research recommends that both are 
needed to comprehensively assess motor competence (Capio et al., 2013; Logan et al., 
2017). Each of these current measurement limitations in important to discuss in the 
context of this dissertation.  
 In chapter III, all eight studies measuring CVF used field-based tests of CVF. In 
general, these field-based tests fell into three categories: heart-rate responses to a set 
workload, shuttle run tests, and timed distance runs, with each type having a 
substantially different pooled effect size. Reasons for different effect sizes may be related 
to the lack of validity of these tests in preschool-aged populations, which Ortega and 
colleagues (2015) cited when recommending the 20-meter shuttle run test (PACER) be 
used to measure CVF. The 20-meter shuttle run test, which was used in this study, has 
been shown to have high criterion related validity for measuring CVF in adults (rp = 
0.94, 0.87-1.00) and only slightly lower criterion related validity for children (rp = 0.78, 
0.72-0.85) when validated against laboratory-based tests (Mayorga-Vega et al., 2015). 
Additionally, the 20-meter shuttle run has been used in over 177 studies and with over 1 
million children, suggesting a familiarity among practitioners (Lang et al., 2017). 
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Although the 20-meter shuttle run has been validated to measure CVF in children, the 
20-meter shuttle run tests has not been validated to measure CVF in very young children 
(3-5 years old), but is still considered to be highly reliable (Ortega et al., 2015). 
Within chapters IV and V, the PACER test was used as a product-based test of 
GLS, as opposed to a measure of CVF, due to its lack of validity in preschool-aged 
populations. Additionally, analyses in chapter IV and V found a small floor effect when 
attempting to normalize the distributions of PACER scores, which suggests that the 
PACER test does not have sufficient sensitivity for use in preschool-aged children. 
Others have also found this floor effect in the literature (Cadenas-Sanchez et al., 2014). 
Furthermore, children’s PACER test scores in this dissertation were significantly lower 
then what is reported in the literature for children who are only one year older, which 
supplies additional support for a sensitivity issue in preschool-aged populations 
(Niederer et al., 2012). Since this dissertation’s testing began, adaptions have been 
recommended to the PACER protocol for preschool-aged children (Mora-Gonzalez et al., 
2017). These adaptions include running with two research staff (one in front and one 
behind) and a reduction in the initial running speed from 8.5 km/h to 6.5 km/hour 
(Mora-Gonzalez et al., 2017). This new testing protocol, with a reduction in initial 
running speed, has since been validated against the original protocol and using heart 
rate monitoring (children reached ~98% estimated heart rate max), but has still not been 
validated using laboratory-based tests (Cadenas-Sanchez et al., 2014; Mora-Gonzalez et 
al., 2017). Results from this dissertation confirm the sensitivity issue reported in the 
literature and support the use of the updated protocol in preschool-aged populations. 
Future studies should validate the PACER test for measurement of CVF in preschool-
aged children. 
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 Although the use of the PACER test is a limitation of this study, the use of the 
CMSP to measure process-based GLS is a strength. The CMSP was specifically designed 
for use within preschool-aged populations and has been found to be highly reliable when 
children were scored on two attempts of each skill, as opposed to four (Williams et al., 
2008). Additionally, the CMSP has strong concurrent validity with other tests of gross 
motor skills, which allows for comparisons across populations (Williams et al., 2008). 
Preschool-aged children’s results on the GLS portion of CMSP in this dissertation are 
comparable with results from other studies in preschool-aged populations (Williams et 
al., 2008). These findings suggest that the CMSP was appropriate and conducted with 
methodological rigor in this dissertation. Additionally, the short amount of testing time 
required to administer the GLS portion of the CMSP allowed for a sufficient subsample 
of children to be tested. Results from this dissertation provide continued support for the 
use of the CMSP in preschool-aged populations.  
 Finally, the use of both product- and process-based assessment for chapters IV 
and V was a strength of this dissertation. The correlation between the PACER test and 
the CMSP was r=0.46. Additionally, there were differential associations between aspects 
of the environment (home and ECEC) and GLS based on the assessment type used 
(product- or process-based). These results supports assertions by Capio and colleagues 
(2013), and Logan and colleagues (2017) for the importance of both product- and 
process-based assessments. A majority of the literature reviewed in this dissertation used 
either product-based assessments or process-based assessments, but by using both types 
of assessments this dissertation uncovered additional home and ECEC factors that may 
be related to preschool-aged children’s GLS than would have been found if only one type 
of assessment was used. Future studies should continue to use both product- and process 
based assessments when assessing GLS in preschool-aged children. 
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Future Research Directions 
 Returning to the model proposed in chapter I, this dissertation adds new 
information to several aspects of that model. Results from chapter III support the use of 
more levels of the EMPA for more effective ECEC-based PA interventions. Chapter III 
also supports the assertion that the interactions occurring between microsystems 
(mesosystems level) have the ability to influence CVF outcomes through PA. Chapters IV 
and V provided support for links between two microsystems (home and ECEC) and GLS 
in preschool-aged children, which have previously understudied in the GLS literature. 
Although these three studies make important contributions to the literature, many other 
pathways need to be tested. 
 Based on the proposed model, one area of research that deserves more attention 
is the exosystem factors that influence preschool-aged children’s developmental 
pathways. According to the EMPA, exosystem factors are microsystems outside child’s 
own microsystem that interact with one of the child’s microsystems to influence PA or 
motor competence (Spence & Lee, 2003). Based on the importance of the ECEC 
microsystems throughout this dissertation, ECEC teacher and ECEC director 
microsystems may influence preschool-aged children’s developmental pathways. For 
example, engaging ECEC teachers in more PA may improve their use of PA curricula at 
the ECEC. Another example would be improvement in ECEC director’s job satisfaction, 
which would increase their willingness to participate in PA interventions. These 
exosystem factors play an important role in the uptake of interventions and subsequently 
the effective implementation of interventions with the ECEC. Thus, to make the most 
impact on preschool-aged children’s developmental outcomes, exosystems factors need 
further exploration. 
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 A second area of research that need further exploration in children’s 
developmental pathway is the relationship between PA and motor competence, within 
the context of interventions. ECEC-based PA interventions are becoming increasingly 
common in the literature, but components of these interventions may also influence 
gross motor competence. By carefully tracking components of PA interventions, 
including amount of PA, fidelity of the intervention, and use activities that promote 
motor skill development within these interventions, research will be able to determine 
the components of the intervention that are most effective for increasing gross motor 
competence. Once interventions components that influence PA, motor competence, or 
both are identified, future programs will be able to custom, tailor their interventions to 
the needs of each individual preschool-aged child. 
 Overall, the proposed model in chapter I has important implications for children, 
their parents, ECEC teachers and directors, policy makers, and researchers. Focus on 
changing developmental outcomes (PA, CVF, and GLS) at the individual level has limited 
utility. This dissertation has consistently shown the multiple environments including the 
home, ECEC, and neighborhood microsystems are related to developmental outcomes 
and in some cases explain as much variance as individual level demographic factors 
alone. To continue to improve preschool-aged children developmental pathway, 
individuals within children microsystems need to understand the important effects that 
environments can create on development. Additionally, these same individuals must 
strive to provide the most beneficial environments for children to live in. By utilizing 
each environment in the most efficient way possible, children’s development will 
improve at an early age, which will set a course of positive development for the rest of 
their lives. 
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